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IWAINTENANC 
NGINEERING 


In Plants, Mills, and Factories 


WHEN profits were easy, indirect expenses 
barnacled the best of our industrial ships. 
Depression dry-docking has provided unparal- 
leled opportunity for bottom scraping. 

Signs now indicate winds and tides favor- 
able to industrial voyages. Any remaining 
parasites of indirect expense must be removed . 
at once—the captains given every chance. 

Indirect expense caused chiefly by mainte- 
nance activities therefore is controllable in large 
part by maintenance engineers. Astonishing 
savings have been made in many plants. 

In better times these depression showings 
will not be forgotten by alert management. 
Depression has advanced the cause of engineered 


maintenance and of maintenance engineers. 
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. .. 1s secured for every type of 
steel construction by the use of 
DIXON’S Industrial Paints. 


In chemical work and industrial plants subjected 
to the extraordinary abuse of acid fumes: in rail- 
road yards and on utility structures, Dixon’s paints 
are recognized throughout the country as giving 
the cheapest-per year protection against penetra- 
tion and corrosion. 




















ELEVATORS 
Known for more than 65 years as Dixon’s Silica-Graphite Paints, they = 
are composed (with the exception of Bright Aluminum and Standard 4 2 
Oxide Red) of pure boiled linseed oil combined with the highest grade 
of flake silica-graphite. 





And flake silica-graphite has proved, over the years, to be an unusually 
effective pigment for metal protection. It is absolutely inert, and is not 
affected by the actions of gases, acids, alkalis, and other destructive 
agents. It also has a peculiar quality of “‘water repellancy” and as cor- DERRICKS f 
rosion does not occur except in the presence of moisture, much longer wa 
protection is assured. 


Dixon’s Industrial Paints are now offered in a complete line of 
14 modern colors, including Bright Aluminum and Standard Oxide Red. 
Write for Color Card No. 75 BI. 





Dixon’s Maintenance Floor Paints give maximum protection 
to wood, composition, concrete, and cement floors. Suitable for use TANK TOWERS st 
either indoors or outdoors. Made in eight standard colors. Write for 

Color Card No. 75 BF. * 





Paint Sales Division 


Sidé _—_— Joseph Dixon Crucible Company Doh 


TRANSMISSION TRADE W/MARK Jersey City, N. J. TRADE MARK 
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INDUSTRIAL UNIT 


OW SHALL the maintenance 
H engineer go about selecting 

and installing the proper types 
and sizes of unit heaters for a given 
factory space? 

Obviously, the first thing he should 
understand is the rating of unit heat- 
ers, so that he may make comparisons 
between different types and sizes. 
The American Society of Heating and 
Ventilating Engineers has adopted a 
standard code for testing and rating 
steam unit heaters. According to this 
code the rating of the unit heater must 
include: (1) r.p.m. of fan at full- 
load speed; (2) heat output in B.t.u. 
per hr.; (3) at least one rating show- 
ing air delivered by the heater in cu. 
ft. per min. of standard air; (4) 
brake horsepower required by fans; 
(5) final temperature. The rating 
must state the steam pressure and the 
entering air temperature at which the 
B.t.u. rating and final temperature are 
taken. It must also state the temper- 
ature at which the cu.ft. per min. 
value is taken (i.e., 70 deg. F., or 
final temperature, or entering air tem- 
perature). 

In ratings for unit heaters these 
definitions of terms are employed: 
(1) standard air is air weighing 
0.07488 Ib. per cu.ft.; (2) static pres- 
sure is pressure measured at right 
angles to the direction of air flow ; (3) 


__— 


_ Tables ‘and illustrations courtesy The Herman 
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Fig. 18—Good distribution in a 
large factory area by means of 
eight suspended units. A blanket- 
ing stream of warm air strikes the 
exposed walls and windows, at an 
easy angle. Two units (B) take 
care of losses at the central monitor. 


entering temperature is the average 
temperature of the air entering the 
heater measured at the heater inlet; 
(4) final temperature is the average 
temperature of the air discharged 





from the heater measured at the heater 
outlet; (5) horsepower is the brake 
horsepower input to the fan at stand- 
ard speed and stated conditions of 
rating ; (6) steam pressure is pressure 
in lb. per sq.in. at 29.9 in. barometric 
pressure; (7) equivalent direct radi- 
ation is the B.t.u. output at the stand- 
ard basis of rating divided by 240. 

Reproduced as Table I is a typical 
capacity table supplied by a unit 
heater manufacturer in his engineer- 
ing catalog. Inspection will show that 
this table gives all of the factors 
called for by the A.S.H.V.E. Code. 
Note also that the following informa- 
tion is given: (1) the series number 
of the heater; (2) whether the table 
applies to single- or two-speed 
motors ; (3) the electrical characteris- 
tics to which the particular table ap- 
plies. The number of cycles of the 
current, if an a.c. motor is used, de- 
termines the speed at which the motor 
will operate, which affects the ratings. 
For this reason, ratings usually are 
given also for 25- and 50-cycle, and 
for direct current, as well as for 60- 
cycle current. 

When hot water is used instead of 
steam, engineering handbook tables 
must be referred to in order to trans- 
fer the given B.t.u. capacities into ap- 
proximate B.t.u. capacities for any 
mean hot water temperature. 

Unit heater B.t.u. output depends 
upon the temperature of the entering 





air as well as upon the construction 
of the heating elements and the steam 
It will be noted that 
the table gives the cu.ft. per min. for 
entering and discharged air, and the 
horsepower required of the motor for 


pressures used. 


a definite steam and air condition. 
The brake horsepower varies in direct 
proportion to the densities of the en- 
tering air. 

This article is not intended to be 
a treatise on industrial heating; its 
purpose is merely to guide the main- 
tenance engineer in selecting and in- 
stalling the proper kind of unit heater 
equipment. Therefore the succeeding 
discussion will seek to answer the fol- 
lowing questions : 


1. Where does one start in tackling 
an industrial heating problem—is it 
with the temperature required, or 
with the steam pressure to be used, or 
with the size of units to be installed? 

2. Shall the blower or suspended 
type of unit heater be chosen? 

3. What steam pressure shall be 
used ? 

4. What shall be the guide as to 
the make of heater, once the type has 
been decided upon? 

5. How many 
heaters shall be 1n- 


pretty closely for a given factory 
space. His experience enables him to 
make proper allowances for window 
area, type of walls, usual weather con- 
ditions, and the like. Usually he be- 
gins by multiplying the cu.ft. content 
by five, and then tempers that figure 
according to the influencing factors. 

A more accurate method is to cal- 
culate losses by the so-called “B.t.u. 
method.” This procedure takes into 
consideration the building material 
and its thickness, the assumed air 
changes per hour, and the exposure to 
prevailing winds. The number of 
sq.ft. of wall construction (brick, 
wood, concrete, and the like), the 
amount of glass contained in the win- 
dows, and the number of sq.ft. of 
doors are determined for each side 
of the building. Tabulation of the 
heat losses due to transmission is then 
made. To arrive at them, heat trans- 
mission coefficients for the different 
kinds of building materials are used, 
which give B.t.u. losses per hour 
when used as a multiplying factor 
with the product of the sq.ft. of wall 
surfaces and the outside-inside tem- 
perature differences. These coeff- 


TABLE I 





cients may be calculated from stand- 
ard heat conductance data as found in 
any mechanical engineering handbook 
(viz., Mark’s Handbook, 3rd edition, 
pp. 1629-1632), or taken directly 
from the values given in the very 
complete tables of the A.S.H.V.E, 
Guide, 1932, pp. 41-65. One heater 
manufacturer multiplies the transmis- 
sion heat loss values thus determined 
by “exposure factors”: 1.15 for north 
walls, 1.10 for west walls, 1.05 for 
east walls; (unity for south walls). 
To the heat losses found in this way 
must be added leakage, or infiltration 
losses. Elaborate tables are available 
for arriving at this figure, giving fac- 
tors to be used for various kinds and 
sizes of doors, windows, and the like. 
It will be found satisfactory, however, 
to estimate the leakage by assuming 
a certain number of complete air 
changes per hour for each room, 
the number depending upon the 
room’s type, use, and location. The 
Guide previously referred to gives the 
factors 1, 14, 2, 2 for respectively, 
rooms with 1, 2, 3, 4 sides exposed, 
and 4 to # for rooms with no windows 
or outside doors. Thus, knowing the 





stalled, and in what 
locations ? 

6. How shall the 
heaters be con- 
trolled ? 


General—The start- 
ing point of the 
whole question is 


using rheostats. 


Capacity No. 150 Series 


Two Speed Direct Current 


Code Word—HABIT 


Capacities listed below are for hiJet Heaters with adjustable speed motors of the following current characteristics: 
Direct Current, 110-125 or 220-250 Volts, Motor Horse Power 1/10 
Direct current motors are normally operated as single speed motors and when they are to be so operated use ratings on 
page 24. Direct current motors may be operated at full, slow and several intermediate speeds either individually or in groups by 
When they are so operated order rheostats and use the ratings below. 
Operating Data for 60° Entering Air and 2 Ibs. Steam Pressure. 
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A heating engi- 
neer usually is able 
to estimate the 


ts pressure. 
B.t.u. requirements 








the “B.t.u. per hr. 
: ” Speed R.P.M. Equivalent Direct Brake Horse Power 

requirements of oo. Radiation in Sq. Ft. of Fan 
the building to be Full 1725 244 09 

heated, i.e., the Slow 860 148 
number of B.t.u.’s 
that will be lost per Entering Air Temp. —— o° 50° 60° 70° 
hour, and that must Speed Full | Slow | Full | Slow | Full | Slow | Full | Slow | Full | Slow 
be supplied by the “ 
heating system. The Air Delivery C.F.M. at 70° F. 1067 | 532 | 1045 | 520 | 942 | 470 | 924 | 460 | 906 | 452 
desired indoor tem- gg, | B-T-U. Per Hr. 93500 | 56650 | 88110 | 53240 | 62920 | 38280 | 58520 | 35612 | 53900 | 33000 
perature must, of 7 Lbs. Cond. Hr. 7 59 91 55 65 40 61 37 56 34 
course, be given. Final Temp. 71 88 78 94 112 125 118 131 125 137 

a poe Reeth 

Recom men dea | xo | BTU. Per Hr. 98340 | 58850 | 91630 | 55330 | 66165 | 40260 | 61710 | 37620 | 57200 | 35007 
Fahrenheit temper- < =a Lbs. Cond. Hr. 102 61 95 58 69 42 64 39 60 36 
atures are 60-65 - ‘ Final Temp. 75 92 81 98 115 129 121 135 128 141 
deg. for factories Ss go | B-T.U. Per Hr. 102190 | 61820 | 96690 | 58410 | 70785 | 43043 | 66330 | 40260 | 61407 | 37675 
and machine shops, = os Lbs. Cond. Hr. 107 65 101 61 74 45 70 42 65 39 
50-60 deg. for —— Lina Tes =i aon) ayo aang |g age | tan | 
eg. < 
foundries and ax BTU Per Hr. Trrer30-77-7900 1143060 | 86350 1113575 | B8IT 108625 | 66000 |103180 | 63140 |] 

; ‘2:2 | Lbs. Cond. Hr. 72| 104] 165 99| 131 79} 125 761 119 72 

— — and 80 = | Final Temp. 146! 126] 153] 161 | 185] 168}| 192] 175] 199 

eg. or _— paint 
shops. 


All hiJet Heaters are tested and rated in accordance with the standard test code adopted January, 1930, by the Industrial 
Unit Heater Association and The American Society of Heating and Ventilating Engineers. 

Ratings apply only for free discharge. 

Steam pressures and temperatures are at the heating surface. Suitable line losses must be added to determine the boiler 
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volume change per 


TABLE II 








hour, and the tem- 
perature to which 
this air was raised 


Capacity 


No. 420 Series 


Tables 























the outside 
ah erature the Two Speed 
“ge : Code Word—HAGER 
B.t.u.’s needed to 
vide for infiltra- / : ; ‘ : 
a loss may be Entering Air Temp. — | 0 50 60 70 
1 | 
calculated. Speed Full | Slow | Full | Slow | Full | Slow | Full | Slow | Full | Slow 
Air Delivery C.F.M. at 70°F. 3113 | 1557 | 3047 | 1524 | 2750 | 1375 | 2695 | 1348 | 2640 | 1320 
Type of heater— go. | B-T.U. Per Ir. 229790 |163900 [218075 |154000 |161230 |111925 |152240 |104390 |140415 | 96030 
We now know what 25 | Lbs. Cond. Hr. 237| 170} 226] 159] 170] 116] 157] 108] 145] 99 
What 1" | Final Temp. ° s8| 87] 66] 93| 105] 125) M2] 131] M9] 137 


we need. 








type of heater will 
best give it to us? 


B.T.U. Per Hr. 170665 |228030 |160600 
Lbs. Cond. Tr. 253 178 237 167 
Final Temp. 62 91 69 97 


171600 |117920 |160985 |110385 |148940 |101750 
179 123 167 115 155 106 
107 129 115 135 122 141 








For certain appli- 
cations, the blower 
is indicated: in 


PERATURES 
5 














B.T.U. Per Tir. 249975 1179135 (241230 {168850 
Lbs. Cond. Hr. 262 188 253 177 


182160 |125400 |172700 |118525 |160380 {110385 | 
191 132 182 125 168 116 





























111 134 119 111 126 147 




















Final Temp, 64 96 73 102 
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buildings with high 
roofs or of high 
monitor construction, or where a 
simple layout with only one or two 
units is desired. Accessory equip- 
ment savings will, of course, result. 

Use of the capacity tables in deter- 
mining the proper size of blowers to 
be used for a given installation will 
not be discussed here, since the pro- 
cedure is similar to that followed in 
choosing suspended type heaters, to 
be touched upon later. 

For smaller factory spaces, where 
certain advantages of flexibility are 
desired, the suspended type is indi- 
cated. Of course there is a great 
“overlapping area” where either type 
would prove quite satisfactory. 


Steam pressures—Steam pressures 
were discussed in preceding articles. 
Unless process steam is available, it 
is usually desirable, from the point of 
view of fixture and fitting troubles, 
to employ the lower pressures. 


Make of heater—How shall one judge 
the make of heater to use? Some two 
dozen manufacturers offer suspended 
units, a somewhat smaller number 
offers blower units, and each claims a 
special superiority for his product. 
Essentially, the different makes are 
pretty much the same. Price consid- 
erations, the manufacturer’s reputa- 
tion for service, desirability of dis- 
tinctive minor features or accessories, 
and the like, must sway the purchaser. 

In the case of blower-type heaters, 
the shape of the fan blades, and the 
structure of the fins and tubing in the 
heating element (method of caring for 
expansion and the like) are the chief 
points of difference. With the sus- 
pended type, also, the chief points of 
difference are the fan blade and 
heater coil shapes. Some suspended 
types are designed to be hung hori- 
zontally, blasting the hot air directly 
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down ; most, however, are for vertical 
installation; a few have extended 
duct-work at the outlet, instead of or 
supplementing louvres, for directing 
the heated air. 


Proper capacity—Suppose that for a 
given installation suspended type heat- 
ers have been decided upon. (Table 
I must be referred to once more.) 
Assume that, in accordance with the 
foregoing general outline, the B.t.u. 
per hour requirements have been de- 
termined : say, 500,000 for a 100x100 
x15-ft. plant. Assume also that a 
steam pressure of 5 Ib. is to be used. 
A temperature at the breathing line 
of 65 deg. F. is desired. Because the 
air in a factory is stratified, the enter- 
ing air temperature at the heater in- 
take will be higher than this. It is 
general practice to add to the desired 
temperature about one degree for 
every foot of elevation of the heater, 
to arrive at the actual entering tem- 
perature. Therefore, in this case, 
consider 70 deg. as the entering tem- 
perature, for heaters 10 ft. above the 
floor. A two-speed unit has been 
chosen to take advantage of the 
quieter operation at the low speed. It 
is good practice, if two-speed units 
are to be used, to select heaters with 
sufficient capacity at the low speed, 
using the high speed to heat the room 
quickly. 

At 70 deg., then, the heat output 
is some 35,000 B.t.u. per hr. for the 
particular size unit whose ratings are 
given in the table. Fifteen such 
units would therefore be required. 
However, a smaller number of larger 
size units would be needed. In gen- 
eral, it will be found that various 
combinations will work out, the final 
choice depending upon local factors 
—plant layout, structural details, and 
the like—and upon the total air capac- 


ity (cu.ft. per min.) required to cir- 
culate the air properly below the 
heater. 

The rate at which the air must be 
circulated (i.e., room volumes per 
hour) depends upon the heating re- 
sults required. It also depends upon 
the temperature of the air leaving the 
heater, because the hotter this air is 
the more rapid the air circulation 
must be for the same degree of dis- 
tribution. ; 

For rooms occupied by people who 
move about freely, such as machine 
shops, five or six volume circulation 
per hour should be provided. Where 
heavy work is done, as in boiler fac- 
tories, steel shops, and foundries, the 
figure is four; and for warehouses, 
store-rooms, and the like, three. 

The height of the units above the 
floor in feet, times the total sq.ft. of 
floor area to be heated, times the rate 
of circulation on room volumes per 
hour, will give the total cu.ft. per 
hour required; and from this, the 
total cu.ft. per min. needed is ob- 
tained. In our case, this figure is 
8,000 cu.ft. per minute. 

For the slow-speed heater whose 
rating is given in Table I, the cu.ft. 
per min. capacity is 452. Therefore, 
it is best to take the next size higher 
(Table II), whose cu.ft. per min. 
rating is 1,320. The B.t.u. output 
per hour of this size is 101,750. Five 
of such units would give the required 
B.t.u.’s, and would, moreover, provide 
about 6,500 cu.ft. per min. circulation. 

In practice, this cu.ft. per min. fig- 
ure is given only secondary impor- 
tance ; that is, in our case an estimat- 
ing engineer would not think of using 
six heaters, having a much higher 
total B.t.u. output than necessary, 
merely to obtain a greater volume cir- 
culation. 

Factors which primarily influence 
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the final choice between a large num- 
ber of small units, or fewer large 
ones, are such things as the number of 
partitions shutting off separate de- 
partments (calling, therefore, for 
many small units) ; ceiling height (a 
high, large area usually calls for a 
few larger sizes) ; window construc- 
tion; pillar locations; and labor and 
piping costs. 


Location—Units should be placed so 
that the heated air is forced at an 
angle against the windows, or against 
incoming cold air. Good distribution 
results if the arrangement is such that 
air is circulated from one heater to 
another. No one should be required 
to work directly in the path of a 
stream of hot air. It is better to di- 
rect the units toward aisles. 

A large number of suspended units, 
well distributed, hung as low as prac- 
ticable, produces uniform plant heat- 
ing. 

Figure 18 shows how good circu- 
lation and even distribution may be 
obtained with vertical-type suspended 
heaters. It is important to remember 
that the specific function of unit heat- 
ers is to provide a blanketing effect. 
The greatest loss of heat in the aver- 
age industrial plant is due to infil- 
tration around glass. In the illustra- 
tion shown the two units marked “B” 
provide a blanket against infiltration 
at the center monitor. Units should 
not be expected to blast air over too 
great a distance. For the pressures 


Hidden Treasure in Maintenance 


RR tee os maintenance depart- 


ment costs 40 per cent is a 

noteworthy achievement. How 
it was done in one plant is told by 
R. S. Payne, industrial engineer of 
Cluett, Peabody & Company, Troy, 
N. Y., in the July Executives Service 
Bulletin published by the Policy- 
holders’ Service Bureau, Metropoli- 
tan Life Insurance Company. 

The heat, power and light, general 
maintenance, and factory general 
labor departments were conducted 
separately, but reported to the super- 
intendent of maintenance. There was 
a foreman in charge of each division. 
By putting a working foreman in 
charge of these departments it was 
possible to reduce each staff by two 
or three men. The plant covers more 
than 600,000 sq.ft. of floor space, in 
eight buildings from six to eight stor- 
ies high. Maintenance work is some- 
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chosen in our example, units sus- 
pended 10 to 13 ft. above the floor 
could have an effective distance of 
some 50 feet. 

Installations with outside grilles 
may be used for ventilation in hot 
weather. It is to such installations 
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Fig. 19— Typical arrangement of 
floor-type heaters. Air is circulated 
from one unit to the next. 


that the low entering temperature 
portion of the rating table applies. 
Often floor-type blowers are ar- 
ranged as shown in Fig. 19, circulat- 
ing the air from one unit toward the 


what specialized and there is always 
considerable new construction. About 
45 per cent of the time of carpenters, 
pipe fitters, and electricians is spent 
on construction work. Each morning 
all construction and repair orders are 
reviewed to determine whether the 
jobs are necessary and to segregate 
emergency jobs. The director of en- 
gineering visits each job at least twice 
daily. Making his rounds continually, 
the superintendent of maintenance 
keeps the work moving. 

Formerly $70,000 was spent annu- 
ally for janitor service. There was a 
janitor in practically every depart- 
ment, supervised by the floor fore- 
man. It was decided to place these 
janitors under one supervisor and do 
the work at night. This staff was 
given vacuum cleaners, floor scrub- 
bers, and so on, and the work laid 
out on a square-foot basis. In this 
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next. Sometimes a suspended unit, or 
two, will be added to the installation 
to take care of ceiling losses. 


Control—The simplest method of con- 
trol is the manual, where the motor 
is merely started and stopped as re. 
quired. However, many automatic 
arrangements have been developed. 

Depending upon the flexibility de- 
sired, units may be “gang” or indi- 
vidually controlled. A simple way is 
to use a thermostat, usually in connec- 
tion with auxiliary relays, to start or 
stop one or more motors. However, 
unless added provisions are made to 
shut off the steam as well, the room 
will not be heated uniformly when 
air circulation is stopped. 

Clock control is available whereby 
any or all units may be shut off en- 
tirely, or their steam regulated for 
low-temperature operation, during 
certain hours of the day and over 
week-ends. 


Correction 


In the second article of the Indus- 
trial Unit Heaters series, credit lines 
for Figs. 14 and 15 were inter- 
changed. The disk fan shown as Fig. 
14 is the product of the New York 
Blower Company, and the propeller 
fan shown as Fig. 15 is the prod- 
uct of the L. J. Wing Manufacturing 
Company. We very much regret the 
transposition of linotype slugs. 


Costs 


way the cost of janitor service was 
reduced to less than $40,000 annually 
and the factory is probably 50 per 
cent cleaner than formerly. 

An electrician on the night staff 
cleans all electric light fixtures and re- 
places burned-out lamps. Thus all 
fixtures are cleaned once a month, 
without interfering with production. 

Nine elevators were operated. 
Study of the conditions showed how 
employees could be rerouted to their 
work and to the cafeterias. Then the 
installation of conveyors for stock 
and empty cartons permitted the ele- 
vator staff to be cut from nine to 
five men. 

In the salvage and factory general 
labor departments were eight handy 
men, or laborers. By combining 
these two departments under one 
foreman, three laborers, a stenogra- 
pher, and a clerk were eliminated. 
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Magnetic dashpot-type overload relays at the bottom of the control panel protect two 2,300-volt a.c. re- 
versing motors. Tripping of a relay causes the oil switch to open and disconnect the motor from the line 








What Automatic Motor Control Means 


to the Maintenance Engineer 


thermal and magnetic types of 
overload relays were discussed 
in the preceding article, and it was 
pointed out that neither type of relay 
alone will give proper protection 
under all conditions of operation. 
Hence, the thermal-magnetic relay 
has been developed to give the ad- 
vantages of the protection afforded 
by each of the individual types. The 
heating curve of the motor is fol- 
lowed more closely by the combined 
thermal-magnetic relay than by either 
of the other two types alone; so the 
motor can be operated nearer to its 
maximum capacity. One design of 
this relay has a core adjustment that 
affects both the magnetic and thermal 
elements, and adapts the relay for 
use with any type of a.c. motor. 
The time element in the operation 
of relays with oil dashpots is affected 
by the opening of the bypass valve 
and by the viscosity of the oil. Direc- 
tions regarding the filling of the dash- 
pot should be followed explicitly. 
If the series coil on a dashpot type 
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of overload relay is repiaced by a spe- 
cial coil of fine wire shunted across 
bed ° 
one of the phases of the supply line 
the pull on the piston caused by the 
magnetic attraction of the flux 
through the coil will be steady and 
constant. Such a relay serves as a 
timing relay and is used on starters to 
give a definite time interval between 
two successive operations in starting 
the motor. 

For example, where a step of re- 
sistance is used in starting, two main 
magnetic switches are employed, one 
closing to start the motor and the 
other closing after a predetermined 
time to shunt the resistance. The in- 
terval between the closing of the first 
and the second switch can be made 
of definite duration by using a shunt 
relay of this type, which operates to 
close the second switch. 


Another variation of the magnetic 
overload relay is the current-limit re- 
lay, which operates to close a switch 
when a certain value of current is 
reached during a cycle of decreasing 
or increasing current values. In a 
single-step, resistance-type starter, for 
example, the motor current is maxi- 
mum at the instant of closing the 
starting switch. If it is desirable to 
close the running switch when the 
motor reaches a speed corresponding 
to a current of, say, 150 per cent of 
normal full-load value a current-limit 
relay cut in between the starting and 
running switches and set to operate 
at 150 per cent of normal full-load 
current will cause the running contac- 
tor to close at the proper time. Since 
the current-limit relay is to operate 
at some fixed value of motor current 
a time lag in its operation is not 
necessary. 

All starters that employ a magneti- 
cally operated switch have as one of 
their standard features a means of 
automatically disconnecting the motor 
from the line should the supply volt- 
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age fail. Upon return of the voltage 
the magnetic switch may or may not 
reclose, depending on whether it is 
operated through a two-wire or a 
three-wire system of control. Where 
the switch does not reclose, three-wire 
control, the operator must press the 
start button to close the switch again. 

If a pilot control station, such as 
a snap or float switch or thermostat 
is used, the contacts of which are 
closed while the motor is running and 
open when the motor is stopped, it is 
referred to as two-wire control, be- 
cause the control station is connected 
to the magnetic switch through two 
wires: 

A push-button station with a‘start 
and a stop button is wired to the 
switch with three wires and is said 
to give three-wire control. The start 
button is of the momentary-contact 
type; pressing it completes the circuit 
to the holding coil of the switch and 
closes it. When the switch closes a 
pair of auxiliary contacts on it shunts 
the start button and the switch re- 
mains closed although the push-button 
contacts are open. 

The stop button has normally 
closed contacts in the circuit of the 
switch holding coil; pressing this but- 
ton opens the circuit, and the switch 
opens. It cannot be closed without 
pressing the start button. With three- 
wire control a return of voltage after 
line failure does not close the switch; 
the operator must close it intention- 
ally by pressing the start button. 





Automatic motor starter of stepless 
resistance type, showing the start- 
ing and running contactors, over- 
load relays, timing relay which con- 
trols the closing of the running 
switch, copper-oxide rectifier (at 
the bottom on the left), and dash- 
pot solenoid for compressing the 
graphite resistors mounted on the 
back of the panel. 
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Time curves for (1) general-purpose 
motor to heat up; (2) magnetic 
dashpot relay to trip; (3) general- 
purpose motor to start. 


Hence, it is said that three-wire con- 
trol gives “no-voltage protection,” 
whereas two-wire control gives “no- 
voltage release” only. 

As mentioned, the most widely 
used starter for ordinary squirrel- 
cage motors is the across-the-line 
switch, which consists of a magnetic 
switch with one or two overload re- 
lays and is controlled by push but- 
tons, or by float switches or other 
contact-making devices. 

Application of the magnetic switch 
is not limited to the across-the-line 
starter; it is one of the essential ele- 
ments of automatic starters of all 
types. An automatic starter for 
multi-speed squirrel-cage motors, for 
example, contains an across-the-line 
switch and overload relays for each 
motor speed. In this type of motor, 
which is rapidly increasing in use, 
various combinations of windings are 
employed to obtain the different 
speeds and each across-the-line switch 
energizes the winding combination 
corresponding to one speed. The 
push-button station consists of a but- 
ton for each of the speeds, and a stop 
button. 

Use of special, interlocking con- 
tacts on starting switches for multi- 
speed motors provides what is known 
as the “compelling slow-speed-start 
interlock.” With this arrangement 
the operator is obliged to start with 
the slow-speed (first speed) button 
when starting the motor and then ad- 
vance through the second, third, and 
fourth speeds by pressing these but- 
tons in succession, always ending with 
the button corresponding to the speed 
desired. Thus the heavy current in- 
rush from starting the motor on a 
high-pseed winding is avoided and the 
time of acceleration is increased. 

To obtain this feature the inter- 
locking contacts of each switch are 
placed in the push-button control cir- 
cuit for the next higher speed. To 





make any push button operative the 
switch for the next lower speed must 
be closed. 

It is evident that the magnetic 
switch is an extremely flexible device 
for making use of interlocking ar- 
rangements, because it can be pro- 
vided with any number of auxiliary 
contacts required for making other 
switches or protective devices de- 
pendent on the switch itself for the 
time or manner of operation. Clos- 
ing of the switch may close the inter- 
locking contacts or open them, de- 
pending on whether the results de- 
sired require the making or breaking 
of the interlocking control circuit. 

Where it is necessary or desirable 
to reduce the starting current to the 
motor, or hold the acceleration of the 
driven machine within certain limits, 
the across-the-line switch is unsuit- 
able and means must be used to re- 
duce the voltage to the motor. In 
starters for this purpose an auto- 





Control panel for starting four-speed 
consequent-pole, squirrel-cage mo- 
tors. Each of the four switches has 
four or six poles and controls one 
running speed. A set of resistance 
relays gives overload protection at 
each speed. 


transformer may be used to supply 
reduced voltage for starting, after 
which the motor is switched to the 
line-voltage taps; or resistors may be 
put in series with the motor windings 
when starting and shunted out after 
the motor has attained the proper 
speed. 

The auto-transformer type of 
starter, or compensator, has three or 
four taps for voltages less than line 
voltage. Taps are selected that will 
give sufficient torque to start the 
motor with its connected load. 

‘An automatic starter of this type 
has two magnetic switches, a timing 


Maintenance Engineering — V 0l.90, No.9 











ihr —_= f we ee Fe OTFCC lhl 






the 
ust 


tic 


ry 
1er 
le- 
he 
IS- 
or 
le- 
le- 


ng 


le 
he 
he 
ts, 


i 
In 


O- 





ee a oe ee ee ee” a 





relay, interlocking relay, and the 
necessary overload relays. Pressing 
the start button closes the starting 
switch which connects the motor to 
the low-voltage taps of the trans- 
former and energizes the coil of the 
timing relay. After a certain time 
interval during which the motor ac- 
celerates almost to normal speed the 
relay trips, which causes the starting 
switch to open and the running switch 


Three-phase line 

















verload 





How three-wire control provides 
“no-voltage protection.” Pushing 
the start button energizes the hold- 
ing coil of the switch, closing it and 
connecting terminals Cl and C2, 
thereby shunting the start button 
and holding the switch closed. 
Upon failure of voltage the switch 
opens, breaking the circuit between 
C1 and C2 so that when voltage 
returns the switch does not reclose 
until the start button is pressed 
again. 


to close, throwing the motor across 
the full-voltage or running taps. 

It is important that the motor be 
disconnected from the starting taps 
before it is connected to the running 
taps; otherwise part of the trans- 
former windings will be short-cir- 
cuited, which is likely to damage the 
transformer and switches. To pre- 
vent this a small, auxiliary switch is 
employed to interlock the starting and 
running switches. The interlocking 
switch can close only when the run- 
ning switch is open; thus it prevents 
premature closing of the running 
switch. 

During the brief interval between 
the opening of the starting switch and 
the closing of the running switch the 
motor is disconnected from the source 
of supply. When connected to the 
running taps a current surge usually 
results which produces in the supply 


line a disturbance whose intensity de- 


pends on the extent to which the 
motor counter - electromotive - force 
slips out of step with the line fre- 
quency during the change-over period 
and on the capacity of the line 
feeders. 

As pointed out by Prof. Bailey 
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of the University of Michigan in an 
article which appeared in the Nov- 
ember, 1920, issue of the Journal of 
the A.I.E.E.: 

“The greatest current taken from 
the line occurs not when the switch 
is closed with the motor at rest, but 
at the moment when the motor is dis- 
connected from the starter and 
thrown directly on the line. The mo- 
mentary rush of current when the 
motor is finally connected to the line 
may be as much as four times the 
locked current which the motor takes 
when connected with the line at stand- 
still.” 

This undesirable feature of auto- 
transformer starters has resulted in 
their prohibition by light and power 
companies on certain network sys- 
tems when the loads exceed given 
limitations of starting current. 

With the resistance type of starter 
the motor is not disconnected from 
the line during the starting operation. 
Hence it is adaptable for network 
systems in which power and light are 
supplied from the same low-voltage 
feeders, making it necessary to put 
rigid restrictions on motor-starting 
currents in order to prevent fluctua- 
tions of lights. With motors of large 
size this condition can be met only by 
means of increment starters employ- 
ing several steps of resistance, or by 
the use of stepless, resistance start- 
ers in which the resistance is varied 
by pressure on columns of graphite 
discs inclosed in tubes. 

On account of the heat dissipated 





Dashpot type of magnetic overload 
relay showing contacts, magnetic 
core, and piston. 





Three-phase line 


Overload 
relay 








Thermostat 
or other 
pilot device 




















verload relay 





Two-wire control gives “no-voltage 
release” but not “no-voltage protec- 
tion.” Closing of the pilot device 
causes the switch to close. Upon 
failure of voltage the switch opens 
but if the contacts of the pilot de- 
vice are closed the switch will re- 
close upon return of voltage. 


by the resistors, the resistance starter 
is not suitable for inclosing in dust- 
tight cabinets for protection against 
dirt and grit, inasmuch as the rating 
of the starter must be reduced. 

Pressing the start button closes the 
starting switch, which connects the 
motor to the line with balanced gra- 
phite resistors in series in all phases, 
and connects the transformer to the 
line, thereby energizing the solenoid 
through rectified current supplied by 
a copper-oxide rectifier. This cur- 
rent is supplied at constant voltage, 
producing a steady, even pull on the 
movable core of the solenoid. Move- 
ment of the solenoid core operates 
compression levers to put even pres- 
sure on each of the graphite resistors. 
As the core moves upward the pres- 
sure gradually increases, thereby de- 
creasing the contact resistance be- 
tween the graphite discs and causing 
the motor to accelerate. When the 
solenoid core reaches the end of its 
upward travel it closes an auxiliary 
contact which energizes the timing 
relay. 

Pressure on the resistors has re- 
duced their internal resistance almost 
to zero, but a brief time is required 
for the motor to attain speed. before 
the running switch closes to shunt out 
the resistors. This time interval is 
taken care of by the timing relay, 
with the result that there is no appre- 
ciable rise in the motor current when 
the running switch closes and no 
noticeable line disturbance is pro- 
duced. At the point of closing the 
running switch, this type of starter 
does not differ from any other re- 
sistance starter. The overload relays 
give protection to the motor during 
the starting period as well as the 
running period. 
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INDIVIDUAL AND GROUP DRIVES 





Investment and Operating Cost Data 


ROBERT DRAKE 


Mechanical and Electrical Engineer, Chicago, IIl. 


N THE preceding article de- 
[= were given of the char- 

acteristics of six types of 
industrial plants that were used 
as a basis in comparing the 
performance and initial and 
operating costs of group and in- 
dividual drives. First costs of 
these drives in the different 
types of plants mentioned will 
be discussed in the present article. 

The cost comparisons and instal- 
lation cost figures given in Tables II 
and III cannot be considered to cover 
the total electrical costs of the re- 
spective factories, with the cost of me- 
chanical transmission added. 

An attempt to present such a sum- 
mary, including electric furnace and 
lighting equipment costs, would result 
in such a maze of items that the 
reader could not draw reliable con- 
clusions without detailed study. Con- 
sider, rather, that these first costs 
pertain to the power items only of 
considerable groups of production de- 


Not all lineshafts need be on the 
ceiling. Shown: Floor-mounted 
lineshaft driven by 5-hp., 1,800 
r.p.m. motor, through 5:1 ratio 
speed reducer. 





First costs of group and individual 
drives with tables showing actual cost 
data for six characteristic types of in- 


dustrial plants. 


partments, individually or 
driven, as the case may be. 

As stated in a previous article, in 
any ordinary factory in which an in- 
telligent study has shown group drive 
to be superior in general there will 
nevertheless be many machines or 
even departments that for various 
reasons can best be individually 
driven. Likewise, in an individually 
driven plant it will, as a rule, be found 
profitable to operate some classes of 
machines in groups. These are ordi- 
narily found in side bays or on bal- 
conies. 

In the cost comparisons these facts 
have been ignored. For simplicity’s 
sake pure individual drive is compared 
with pure group drive. For similar 
reasons all service machinery not lo- 
cated in the manufacturing spaces, 
such as fire pumps, air compressors, 
and similar equipment, have been 


group 
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omitted from the comparison. 

Consideration of the lighting 
load, electric furnace load, and 
electric heating load has been 
omitted entirely. This was done 
not only for simplicity, but also 
because with furnace and heat- 
ing loads it is impossible to as- 
sume an average or representa- 
tive condition. 

Elimination of these loads increases 
somewhat the power factor correc- 
tion apparently necessary. The addi- 
tional corrective capacity indicated for 
this reason is, however, equally in er- 
ror for both group and _ individual 
drives; so the relative costs are af- 
fected but little. Such difference as 
exists, due to the difference in cost 
and losses per kva. between large and 
small synchronous condensers, tends 
to penalize group drive in the com- 
parison. 

All material prices are correct for 
the Spring of 1931 with a small extra 
discount for the large volume of pur- 
chase in one year. Labor and mate- 
rial items are priced on the assump- 
tion of plants built complete and new 
at that time. Installation costs would 


be higher if the plants had had a grad- 
ual growth, as is usually the case. 
Until the recent advent of enclosed, 
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fan-cooled motors, repair and main- 
tenance on individual-drive motors 
has been very high in most industries. 
Because many of the individual-drive 
motors would need protection from 
steel chips, drilling coolant, grinder 
sludge, and so on, I have assumed the 
use of totally enclosed motors in the 
1-hp. and 2-hp. sizes, and enclosed, 
fan-cooled motors for all larger sizes. 
This assumption saves carrying a sec- 
ond line of open-type spares. It is 
probably warranted for individual 
drive in most industries. 

Group-drive motors, however, are 
ordinarily high up overhead, away 
from flying chips and foreign matter. 
For group drives it is usually unnec- 
essary to use many enclosed motors. 

Use of a few enclosed, fan-cooled 
motors has been assumed for groups 
in particularly unfavorable locations. 
Their additional cost has been in- 
cluded under Special Performance 
Motors, along with a few high-torque 
motors. 

It would be helpful if motors of the 
same speed and type for each rating 
could be used for all individual drives, 
thus simplifying the problem of 
stocking spares. This practice is ut- 
terly impossible in actual cases. In 
addition to the enclosed, fan-cooled 
normal-torque, squirrel-cage motors, 
some high-torque motors would 
doubtless be needed on presses, with 
two-speed and slipring motors for 
speed variation. These motors cost 
more than the shop standard enclosed, 
fan-cooled motors, assuming that they 
are also of the enclosed, fan-cooled 
type. For each such motor or group 


Well-known four-frame® drive in 
spinning room of cotton textile 
plant. Each motor drives four 


belts which drive four frames— 
not greatly different from in- 
dividual drive, but still a group. 


pennies es nino 
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of identical motors differing from the 
shop standard a spare is required. 

Instead of confining all individual 
drive motors to 1,200-r.p.m. speed, at 
least two different speeds would be 
required in most sizes, particularly 
the larger ratings, and probably three 
speeds in some cases. The data in 
Fig. 1 in the July issue show the as- 
sumptions in this respect. 

When purchasing a large number 
of individually driven machines it is 
difficult to secure reasonable delivery 
on all of them without accepting the 
manufacturer’s choice of motor on 
some items. Ten per cent would be a 
fair estimate in ordinary cases, and 5 
per cent a minimum estimate. The 
majority of these motors will be under 
15-hp. rating, but they will be special- 
purpose motors and the price per 
horsepower will be decidedly high. 
For each model a spare will be neces- 
sary. 

It may be assumed that some of 
these orphan motors will be duplicated 
either by chance or because several 
identical machines are purchased with 
identical built-in motors. Thus, the 
burden of spares will be somewhat 
reduced. 

In some plants producing a rather 
narrow range of product in large 
quantities there are a number of 
duplicate machines capable of per- 
forming each operation. Many such 
plants that have large numbers of 
orphan motors purchased with indi- 
vidually driven machines have found 
it practicable to operate without 
spares for such motors. Of course, 
each failure means a delay until a 
motor can be rewound, but there is 
always another machine available, or 
a number of other machines may be 
run overtime if necessary to keep up 
production. This practice may or 
may not save money, depending upon 
how frequently an idle machine is 











available to do the work required 
without Sunday or overtime work. 
At any rate, the cost is shifted 
from the plant maintenance depart- 
ment to production department over- 
time. In most plants employing mass 
production methods there are not 
enough duplicate machines working 
on one operation to make this elimi- 
nation of spares practicable. In some 
plants making unassembled piece parts 
for stock, it should not be necessary 
to have a complete spare motor stock. 
Until a year or less ago a serious 
cause of the multiplication of spares 
was the manufacturers’ recurrent 
changes in styles and types of motors. 
Within the equipment life period con- 
sidered in this article most motor 
manufacturers would bring out sev- 
eral new lines, necessitating in a 
growing plant the purchase of a spare 
motor with the first motor of each 
size and speed purchased thereafter. 
This condition largely will be 
eliminated when the N.E.M.A. stand- 
ardization of motor dimensions is 
completed and in use by all manu- 
factors. It is necessary to assume 
that our hypothetical factory pur- 
chases its motors from one of the 
manufacturers who has a complete 
line of N.E.M.A. motors designed 
and in production. The almost com- 
plete duplication of spare stocks 
otherwise necessary within a few 
years, if there is any expansion in the 
plant necessitating the purchase of 
new motors in considerable numbers, 
has not been assumed. 
In all of the comparisons nothing 
has been included for spare parts. 
Stocks of coils, bearings, and so on 


A paper mill machine properly 
individually driven. Very large 
Jordan, direct-connected to 450- 
hp., 400-r.p.m. synchronous 
motor. 





would cost more for individual than 


for group drive. 


installation 


costs (see Table III)it has been as- 


In estimating motor 


sumed that many motors would be 


shipped by the purchaser to the ma- 
chine builder’s shop and there in- 
stalled. Others would be installed by 


d 


the purchaser after the delivery of the 


driven machines. 
Installation of motors on machines 


frequently 


costs more than estimated here, but 


individually 
when equipping a new factory com- 


purchased 


plete at one time considerable econo- 
mies are possible because there will be 


This du- 


plication makes possible the repeated 


many duplicate machines. 


use of mounting bracket patterns, 


mounting templates instead of hand- 
made layouts, and even simple jigs 


of the steel-plate type, in the case of 


identical small-power 
machines in considerable numbers. 


using 
Wiring costs have been estimated 


on the basis of one cabinet for ap- 


plants 


of floor 


space, not including aisle or storage 


000 sq.ft. 


7 


ximately 5 


pro 


However, an average length 


of 75 ft. of conduit per motor, in- 


space. 


starters, and at the cabinet, has been 
assumed. Use of more cabinets would 
decrease the motor branch wiring 
costs somewhat, but this saving would 
be at least offset by the increased cost 


cluding vertical pipe at motors, at 
of mains and cabinets. 


Where branches to motors must 
be placed under the floor, for exam- 


ple, by means of cast-iron straddle 


blocks replacing wood blocks in the 
floors, the estimates are inadequate, 


fact is not of «mportance for such 


particularly for individual drive. This 
conditions ordinarily arise onl 


In 


such cases individual drive usually is 
imperative, whereas the comparisons 
The 


y where 
required capacity of the mains will 


~ 


there is overhead crane service. 
This results from the 


tions where either individual or group 
drive may be chosen at least for a 
majority of the installed machines. 
Cost of mains, ducts, manholes, and 
conduit runs from substation to cabi- 
nets, and the cost of cabinets, and so 
on for individual drive will be much 
lower power factor of the individ- 
Inasmuch as it is planned to cor- 
rect the power factor in both cases, 
it might seem that the mains re- 
quired would be almost identical in 
This would be true if power 
factor were to be corrected individ- 


be decidedly larger, as shown in the 
ually driven load. 


are intended to apply only to condi- 
tabulations. 


greater than for group drive. 


size. 
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ually on each of the six to fifteen 
feeder circuits required. Then from 
six to fifteen power factor correction 
units would be required in scattered 
locations at the ends of the feeder 
cables. It is practicable and not un- 
usual to install static condensers in 
this way. 

The cost of static condensers is 
very large in comparison with syn- 
chronous condensers. Only in the 
case of plants A and B would the 
lower power losses of static condens- 
ers justify their use, and here the 
saving would not be large. It was 
thought preferable to compare all six 
plants on the same basis. Hence, the 
use of synchronous condensers was 
assumed in the case of plants A and 
B as well as in the others. 

The estimates have been made on 
the basis of a standard size of feeder 
cable with three 500,000-circ. mil con- 
ductors serving 440-volt motors, 
most of the motors being located 
within a 600-ft. radius from the sub- 
station or service vault. All cables 
were figured to run at the same oper- 


_ating temperature, with several small 


departments grouped on one cable, 
and several cables if necessary run 
to one department of heavy power de- 
demand. 

For growth of load or errors in 
estimating 124 per cent reserve ca- 
pacity on the average has been allowed 
in each cable. In underground duct 
banks at least 50 per cent of spare 





An installation not likely to be hooked up with 
other equipment. A raw sugar elevator and con- 
veyor with individual drive consisting of motor, 
speed reducer, and chain. 
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TABLE III—MOTOR STARTER COSTS AND COSTS 
OF MOTOR INSTALLATION 
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starter cost is tabulated separately. 


drives considered 


to buy and usually more to install. 








a Ball bearing or roller bearing motor with pulley (some with coupling) base and starter. 
6 Ball bearing or-roller bearing motor with pulley and base; automatic compensator 


These costs cover representative sizes of motors of each type. Space prevents inclusion 
of the 41 sizes, speeds and types used in the estimates for the various plants and types of 


This tabulation refers to N.E.M.A. squirrel-cage motors, which would be standard in 
the shops under consideration. The relatively smaller number of special purpose (e.g. 
slipring, high-slip, a.c. commutator, d.c. adjustable-speed, etc.) motors would cost more 














ducts have been allowed for growth 
of load. Except in the case of sub- 
sidiaries from manhole to service en- 
trance, in no case will less than four 
ducts be installed in a trench even if 
only one is required. The cost of 
spare duct openings is so small com- 
pared to the cost of re-excavating 
later, with repaving in many cases, 
that an allowance of 100 per cent 
spare ducts in a bank when initially 
installed more 
nearly _ represents 
ordinary practice. 

For individual 
drive, motor cabi- 
nets must accom- 
modate ten to 
twenty more times 
as many motor cir- 
cuits as for group 
drive and must be 
more numerous or 
at least five times 
as large. 

The most diffi- 
cult item to esti- 
mate both for 
group drive and in- 
dividual drive is the 
cost of mechanical 
transmission. The 
difficulty lies in de- 
ciding upon what 
are “average” con- 
ditions. The me- 
chanical transmis- 
sion costs shown in 
Table II are based 
upon detailed cost 
data from actual 








installations which cover 96 machines. 

In the case of groups these costs 
will be close for concrete buildings, 
provided that T-slots have been cast 
into the ceilings for affixing the hanger 
supports. This is usual practice. For 
trusses on column centers, as in a 
large forge shop or foundry, the cost 
will exceed the tabulation value ex- 
cept in cases where group shafts may 
be supported on the wall. 

For mill-constructed buildings the 
estimates are a trifle high, but the 
differences are insignificant in their 
effect on comparative costs. Of far 
greater moment are the assumptions 
as to the proportion of machines that 
require countershafts. 

For plants B, D, and F about the 
estimates are a trifle high, but the 
hold in such industries as automotive, 
agricultural implements, or railway 
equipment. There are many machines 
such as board drop hammers, foun- 
dry tumbling mills, and punch presses 
that have no individual counter- 
shafts, whereas drill presses and some 
sheet metal machines have ordinary 
simplified counters without clutches. 
Most of the machines in the finishing 
departments have countershafts. 

Most countershafts, except some 
special ones purchased with machines, 
are priced with ball or roller bear- 
ings, as are all group shaft hangers. 
In plants A, C, and E there are large 
numbers of machines that require less 
than 1 hp. A small proportion of 
such machines require countershafts. 
Tubular riveters, sewing machines, 
seamers, and many such light ma- 
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chines are designed with built-in 
clutches. However, in an industry 
where very few countershafts are re- 
quired our first costs would be high 
for plants 4, C. and E. 

With individual drive it is even 
more difficult to decide upon fair as- 
sumptions for average conditions as 
to mechanical transmission practice. 

In the case of plants B, D, and F, 
where the machines are larger on the 
average, it is assumed that decidedly 
more than half require a pivoted 
motor base, gravity idler, silent chain, 
V-groove, or some such drive, with 
plain open belt from motor to ma- 
chine, gear drives and direct-coupled 
drives decidedly in the minority; 
about 10 per cent of each, to be ex- 
act. These estimates include prac- 
tically no allowance for machines re- 
quiring speed reducers of the worm 
or spur gear type to obtain the neces- 
sary machine speeds. 

It is evident that although the 
group drive figures apply to a whole 
plant layout, the individual drive 
costs would be far too low if they 
were to be applied not only in the 
departments where individual and 
group drives are both applicable with- 
out special expedients, but also to 
such equipment as board drop ham- 
mers, foundry tumblers, and the like, 
where the low driven speed requires 
an intermediate speed-reducing device 
often costing as much or more than 
the motors. Special conditions arise 
where such installations are justified 
but in the majority of cases machines 
of this sort are group driven. 

It was thought that the general ap- 











plicability of the cost comparisons 
would be decidedly reduced rather 
than increased if such installations 
were included. In brief, then, if 
someone wishes to build a show plant 
“without a foot of shafting” these 
individual drive costs do not apply. 
The comparative cost of individual 
drive will be much higher in such a 
case. 

In most factories there are a num- 
ber of applications requiring variable 
speed. The tabulated costs contem- 
plate the use of ordinary, two-speed 
countershafts on a few of the group- 
driven machines, and a speed ratio of 
not more than 2 to 1 by means of 
slipring or a.c. brush-shifting motors 
on a few individually driven ma- 
chines (included under special per- 
formance motors). 

If any considerable number of 
motors requiring a large range of 
speed control, particularly without 
steps, are needed they would appre- 
ciably increase the first costs and an- 
nual costs as well, in the case of either 
type of drive. In the case of group 
drives some form of mechanical speed 
changer is ordinarily applied. In the 
case of individual drives, either a 
mechanical speed changer or a vari- 
able-speed motor is available. Where 
only a few fixed speeds are necessary 
a.c. motors giving two and four speeds 
may be had. A choice ordinarily de- 
pends upon local conditions. 

A single, isolated drive requiring 
speed variation without steps over a 
considerable range would ordinarily 
be served in a plant with a.c. supply 
by means of a mechanical speed 








changer, whether the machine 1n ques- 
tion were in a group or individually 
driven. In a plant with d.c. supply 
either a mechanical speed changer or 
a variable-speed motor would be used 
—more often the latter. 

On the other hand, a considerable 
number of applications requiring va- 
riable speed without steps, grouped 
within a radius of a few hundred feet, 
would ordinarily be powered with d.c. 
motors. If a motor-generator set 
must be installed and operated for 
this purpose alone, the first cost may 
be not less than for mechanical speed 
changers, although such is not ordi- 
narily the case where a total of 50 hp. 
or so is involved. The decreased re- 
pairs and maintenance to be expected, 
the elimination of the space require- 
ments of the mechanical speed 
changer, the simplicity and rapidity 
of speed control, and adaptability to 
remote control, recommend the d.c. 
motor drive in such cases. 

A separate motor-generator set 
may not be necessary. In many large 
plants, even those served principally 
by a.c. motors, direct current is avail- 
able over much of the plant area. 
Lifting magnets must have direct 
current; so magnet cranes are ordi- 
narily driven by d.c. motors and 
served by a motor-generator set or 
rotary converter. Where such crane 
applications, magnetic chucks, or 
other d.c., constant-voltage applica- 
tions require a motor-generator set, 
the variable-speed motor load may 
well be combined therewith, if the 
distance over which d.c. power must 
be transmitted is not too great. 
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Machines engaged in producing eyelets—a light manufacturing set-up econom- 
ically operated by group drive. 
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The 50-hp. motor is mounted on a pivoted base. 















How it was done 
in 16 plants. 


1 A large manufacturer of hand- 
kerchiefs increased the intensity 
of illumination 35 per cent in the pro- 
duction departments by painting the 
walls and ceilings and washing all 


lighting units. 
9 Replacing an old type of semi- 
indirect fixture with standard 
R.L.M. domes mounted on discon- 
‘necting hangers made possible a sav- 
ing estimated at $25 per fixture per 
year in a large powerhouse. Also, a 
serious injury hazard to workmen re- 
placing lamps or cleaning fixtures was 
eliminated. The new fixtures made 
it possible to use 500-watt lamps in 
place of the 750-watt size previously 
used, resulting in a saving in cost of 
lamps and in current consumption 
which pays for the fixtures in some- 
what more than a year. 


3 In an automotive parts plant in 
which 5,700 Glassteel diffusing 
units are installed an average of 8 
minutes was required to clean each 
unit by the methods formerly used. 
To clean all units took about 760 
hours. With labor at 62 cents an 
hour and four washes a year the 
annual cost of cleaning lighting units 
was $1,884.80. Use of disconnect- 
ing hangers made it possible to cut 
the cleaning time to 24 minutes per 
unit. With the same labor rate the 
cost of four complete washes a year 
was reduced to $589—a saving of 


$1,295.80 a year. 

4 Another plant cut the cost of 
cleaning lighting units from 14 to 

3 cents apiece, by the installation of 

disconnecting hangers. 


5 A silk hosiery plant was orig- 
inally laid out for localized light- 
ing, using 60-watt lamps in tin shades 
on drop cords spaced 5 ft. apart. 


Let's Cut Lighting Costs! 


G. A. VAN BRUNT 


Associate Editor 


This arrangement was replaced by 
special reflectors equipped with 100- 
watt, bowl-silvered lamps, in alternate 
outlets only. Illumination was in- 
creased about 50 per cent, and an 
even distribution of light effected. 
Each 100-watt unit installed in place 
of two 60-watt lamps means a saving 
of 20 watts per unit. The net saving 
in current cost is 60 cents per unit 
per year, which will pay the entire 
cost of the installation in about five 


years. 
4 The change in the quality of light 
brought about by the installation 
of a mercury vapor lighting system 
enabled a large rayon manufacturer 
to improve the quality of the products 
by more rigid inspection, without in- 
creasing current consumption. 
7 An investigation in a large steel 
mill showed that about 35 per 
cent of the lamps rated 400 watts or 
over were left burning when not 
needed. The lighting load in that mill 
is about 400 kw. As the result of an 
educational campaign the percentage 
of lamps left burning in the daytime, 
or when not needed, was reduced to 


5 per cent. This means a saving of 
1,440 kw.-hr. per day, or $5,400 


annually. 
8 In an engraving plant 200-watt 
lamps were used on drop cords, 
with smaller lamps for local lighting. 
About half of the light from the clear 
lamps went upward and was lost on 
the dark ceilings. Through the use 
of suitable reflector equipment with 
bowl-silvered lamps the glare of bare 
lamps was eliminated, shadows re- 
duced to a minimum, and the intensity 
on the working plane increased about 
70 per cent. This increase in quantity 
and quality of light was attained with 
a slight decrease in the total wattage. 
9 A large textile mill installed day- 
light lamps in place of clear lamps 
on the inspecting machines. Under 
the light from these lamps brown and 
yellow stains in the cream-colored 
goods show up clearly, making possi- 
ble faster and more accurate inspec- 
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tion without increased consumption 


of current. 

1 0 An automobile plant reduced 
the current consumption for 

lighting spray booths by replacing the 

floodlighting system previously used 

with mercury vapor lamps built into 


columns. 
11 An increase in the intensity of 
illumination became imperative 
in the warehouse of a large steel com- 
pany. It was eventually decided to 
increase the reflection factor of the 
walls and ceiling by painting them. 
One coat of a flat white paint was 
sprayed on at a cost of $450. It was 
then found that the 1,000-watt lamps 
previously used could be replaced 
with 500-watt lamps, since the in- 
tensity still was higher than it had 
been before. Cutting current con- 
sumption in half in this way resulted 
in a saving conservatively estimated 


at $936 a year. 
12 In the body finishing plant of 
an automobile manufacturer the 
200-watt reflectors, of which four 
were used in a bay, had depreciated 
to the point where they failed to give 
sufficient iilumination for the re- 
quired quality of workmanship. One 
750-watt reflector unit per bay was 
installed, using bowl-silvered lamps. 
The result was higher intensity of 
illumination, elimination of glare, and 
a reduction in wattage of 50 watts 
per bay. More than 200 bays were 
involved and the savings affected will 
pay the cost of the new equipment in 
about six years. 


1 About once a week it was neces- 

sary to replace at least one lamp 
in a group of five 750-watt units 
mounted high above the floor in one 
department of a glass works. Condi- 
tions made the replacement of lamps 
a very hazardous job. To eliminate 
the injury hazard the lamps were 
mounted in disconnecting hangers 
equipped with shock absorbers. Then 
it was found that the average life of 
a lamp was increased from a week or 
two to about seven months, and in- 
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vestigation showed that the excessive 
breakage of filaments had been caused 
by the vibration of a large turbine in 
the same building. The cost of the 
disconnecting hangers was $90 and it 
is estimated that they will pay for 
themselves about every eight months. 


1 4 In a blast furnace plant a lamp 
renewal cost of $2 per outlet 
per year led to a study that reduced 
the cost to $1.24 per outlet per year, 
making an annual saving of $1;145. 
In most cases short lamp life could be 
traced to (1) mechanical breakage ; 
(2) vibration; (3) overvoltage; (4) 
theft; (5) continuous burning. 

Strong guards placed on lamps 
subject to mechanical injury reduced 
breakage considerably. Shock-ab- 
sorbing hangers on lamps subject 
to vibration practically eliminated 
trouble from that source. In one loca- 
tion the life of lamps had often been 
less than 24 hr.; normal life (1,000 
hours) was obtained after the spring 
hangers were installed. 

Voltage tests showed that 120-volt, 
instead of 115-volt, lamps should be 
used—and another saving was made. 
Theft was combatted by using larger 
and fewer lamps wherever possible, 
and in other ways. 

Continuous burning of lamps was 
reduced by some rearrangement of 
lighting circuits and switches to give 
better control, and by paying more 
attention to turning out lamps that 
were not needed. 


1 5 Complaints about the lighting in 

the laboratory of a pharmaceu- 
tical manufacturer led to tests show- 
ing that the intensity varied from 6 
to 17 foot-candles. Light was pro- 
vided by 24 200-watt lamps in old- 
style, semi-indirect units. A trial in- 
stallation of full diffusing units gave 
an intensity of 9 to 12 foot-candles 
and disclosed that only fourteen of 
the new units would be required, thus 
saving 2,000 watts. 


1 6 Careful study of lighting and 

lamp problems, particularly 
causes of short life, in a rubber plant 
have resulted in an increase of ap- 
proximately 100 per cent in average 
lamp life. Lamp maintenance, includ- 
ing taking of data for records, 
amounts to about 17 cents per outlet 
per year. 


Good lighting is an investment that 
is capable of paying handsome divi- 
dends. To obtain the maximum 
return from it, it must be properly 
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safe-guarded and maintained. It is 
desirable also that these functions be 
performed at the lowest cost, which 
means in the most efficient manner. 

The first step in any attempt to 
cut operating and maintenance costs 
of lighting systems is to make a survey 
to determine present conditions and 
costs. If this study is properly made 
the chances are that in most plants 
good opportunities will be found for 
reducing costs appreciably without 
lowering the level of illumination, or 
for raising the intensity without in- 
creasing costs. 

Briefly, the points that should be 
checked include: 


Intensity — Foot-candle readings 
can easily be obtained with the com- 
paratively inexpensive instruments 
that are now available. Such read- 
ings are essential in determining 
whether the illumination provided is 
up to the recognized standards, or 
the minimum recommended values. 
They are also necessary in evaluating 
the effect of changes in the lighting 
system or in the surroundings and in 
maintaining desired standards. 


Life of Lamps—Standard lamps 
are designed for a life of 1,000 hours, 
but overvoltage or excessive vibration 
will shorten it markedly. For ex- 
ample, operating 110-volt lamps on 
115 volts will shorten the life about 
40 per cent. On the other hand, 
burning lamps undervoltage will 
lengthen their life but the amount of 
light produced decreases very rapidly 
as the voltage drops, with the result 
that the illumination may be below 
the desired standard. Voltage should 
be checked at the lamp socket, rather 
than at the switchboard, by either an 
indicating or a recording voltmeter, 
preferably the latter. 

Hours of burning will vary widely 
in the various departments of most 
plants, but average figures, which are 
necessary in order to disclose condi- 
tions unfavorable to proper life, can 
be obtained without undue trouble. 
For example, in hallways, stairwells, 
and certain other locations lamps may 
burn continuously. In manufactur- 
ing departments the hours of burning 
will vary, but they normally attain an 
average daily value. 

In a well-known automobile tire 
factory the problem of determining 
the hours of lamp operation was 
solved by using a recording thermom- 
eter. The bulb of the instrument was 
placed close to a lamp in each depart- 
ment in turn and charts taken until 
the average number of hours of lamp 
operation was obtained. Other elec- 








trical recording instruments could be 
cut into the lighting circuits in de- 
partments or buildings for the same 
purpose. 

There should also be some method 
of determining when lamps are put 
in and taken out. Various schemes 
have been used ; probably the simplest 
is to mark on the lamp with etching 
ink the dates of installation and re- 
moval. If the daily average number 
of hours that lamps in any depart- 
ment are burned is known, the life of 
the lamps can easily be found. If it 
is much less than 1,000 hours, condi- 
tions evidently are abnormal and 
should be investigated. On the other 
hand, a life greatly in excess of 1,000 
hours should not always occasion re- 
joicing, in view of the fact that lamp 
efficiency and intensity drop off 
rapidly after normal life is attained. 


Reflectors—lf these are obsolete, 
improperly designed, or not suited to 
the requirements, maximum efficiency 
of utilization will be impossible. In 
countless instances levels of illumina- 
tion have been raised considerably, 
with the same current consumption, 
by the installation of correctly de- 
signed units. In some cases it is pos- 
sible to use fewer or smaller lamps 
and maintain the same intensity. 


Reflecting Value of Interior Sur- 
faces—This factor is so closely tied 
up with illumination that it must re- 
ceive consideration in any study of 
the lighting system. It is not always 
realized that because light is reflected 
and re-reflected a number of times 
increasing the reflection coefficient of 
a surface by 10 per cent may result in 
a 20 per cent increase in illumination. 
A fresh coat of light-colored paint 
on walls and ceiling will not only in- 
crease daylight illumination but may 
make possible a decrease in the size 
or number of lamps required. In any 
case it will increase the intensity of 
illumination considerably. 

Reflecting value of painted sur- 
faces can be checked up from data 
given in an article by T. J. Maloney 
in the November, 1929, issue. 


Maintenance — Relamping and 
cleaning are the principal items of ex- 
pense. They are often unnecessarily 
high because of the haphazard, awk- 
ward way in which the work is done. 
Disconnecting hangers which permit 
relamping and cleaning to be done on 
the floor or in the repair shop will 
speed up these operations and elim- 
inate the danger and inconvenience of 
carrying a ladder around the plant 
and setting it up in all sorts of places. 
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Maintenance Reduces Costs, 






Helps Restore Pay Level 


OWADAYS, when a 
Noanstactures 

announces a wage re- 
duction, it’s likely not to be 
considered news. But when 
the India Tire & Rubber Com- 
pany, Mogadore, Ohio, re- 
ports that it has returned to all 
salaried employes the full 
amount of a 20 per cent wage 
cut established January 1, and 
that it has restablished the old 
scale, that is news. To read- 
ers of Maintenance Engineering there 
is in that news a story of steady re- 
duction in plant maintenance cost— 
50 per cent in two years—which has 
had its share in making the company’s 
operations so profitable that salary 
schedules are now but a few per cent 
under the peak. 

What was, and still is, the main- 
tenance department’s part in this 
profitable operation? Let’s go 
through the plant and find out. Then 
let’s sit down with the plant engineer 
and the maintenance superintendent. 
Ask questions. 

From observations and interroga- 
tions you get the impression that there 
are several fundamental factors con- 
tributing to low maintenance costs, 
among them: (1) The existence of a 
supervisory bonus; (2) careful atten- 
tion to insulating steam lines; (3) se- 
lection of exactly the right horse- 
power motor to do the job at hand; 
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Cost down 50 per 
cent in two years. 
Contributing factors: 
motor selection, fuel 
testing, steam line in- 
sulation, supervisory 
bonus. 





JOHN W. SHAVER 


Contributing Editor, Cleveland 


(4) testing various 
coals until the best for 
the uses has been 
selected. 

A tire factory uses 
much steam and air. 
The business of vul- 
canizing tires being 
the sole occupation, it 
naturally follows that 
steam is one of the 
major “raw  materi- 
als.” . Anything that 
can be done, which 
will confine steam to 
its optimum use, is 
going to cut down 
maintenance costs. 
He has attacked the problem at its 
source—by controlling and conserv- 
ing power and by exact motorization. 

When this plant engineer came on 
the job several years ago the overall 
power factor was 77. Since India 
buys all its electricity 
it was paying a pre- 
mium on its power 
factor rating. So 
the plant engineer 
went after every one 
of the 340 motors in 
the plant. These 
ranged from  frac- 
tional horsepower 
motors to two large 
synchronous motors, 
one a 300-hp., 100- 
r.p.m., 3-phase, 60- 
cycle unit, and one a 


ma 230-hp., 420-r.p.m., 
SSsas5 3-phase, 60- cycle 
1932 unit. He studied 








breaking open tire molds. 
plant engineer, who will receive a bonus because 
of this and other time-saving, production- 
increasing devices. 





Air-operated, pushbutton-controlled device for 


Designed by the 


each motor to find out if all the power 
being delivered was being used. In 
many cases it was not. For instance, 
one 5-hp. and one 74-hp. motor were 
exhausting the fumes from the rubber 
mill. The 74-hp. was found to be of 
sufficient size to do the job alone. 
Again, a 50-hp. motor was being used 
to drive a centrifugal pump which de- 
livered cooling water to the vulcaniz- 
ing department. Quarter-inch noz- 
zles were replaced by sprays, which 
cut the water demand in half, and 
therefore decreased considerably the 
load on the 50-hp. motor. The plant 
engineer put another pulley on the 
motor shaft and drove a 92-ft. air 
compressor, needed because of in- 
creased production. Increased load 
on the motor raised its power factor 
from 60 to over 75. 

While going over his motors he 
had discovered that his two large 
synchronous motors, which drove the 
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rubber mills, got so hot that they in- 
terfered seriously with power factor 
improvement. A check of the cur- 
rent input at the transformer showed 
that the plant was getting 2,400-volt 
instead of 2,200-volt cur- 
rent, as called for in its 
contract. With this cor- 
rection made the power 
factor began to im- 
prove. And by the time 
every motor had been 
studied the power factor 
rose to 98, where it re- 
mains day in and day 
out, 24 hours a day. 

The power - factor 
meter, then, is one of the 
best guides to trouble. 
If its graphic record 
shows a variation more 
than one per cent the 
maintenance department 
starts looking for trouble. 

The same thinking ob- 
tains in the power house. 

Two 250-hp., water- 
tube boilers supply the 
steam needs.  Inciden- 
tally, exhaust steam is 
used for heating. Steam 
demands are high. Steam 
losses mean more coal; 
more coal requires more 
labor, and a heavier toad 
on the boilers—and more 
maintenance. Lack of 
insulation results in steam loss and 
excessive condensation, the removal 
of which, though difficult, is neces- 
sary, or a soft tire will result. So 
the plant engineer, in his methodi- 
cal way, started over the steam lines, 
every inch of which is now insulated. 
With 100 per cent insulation, and 
regulators where needed, vulcanizers 
were furnished with exact steam de- 
mands. Never too much, and never 
too little. 

Wherever an improvement, how- 
ever slight, can be made to make 
steam or air do its best job, that im- 
provement is made. For instance, 
when 16 watch-case vulcanizers were 
put in a new steam-line set up was in- 
stalled. From the main steam line 
for each eight vulcanizers a top 
header of 2-in. pipe was run at a 
slight descending angle. Steam lines 
of #-in. pipe were welded into the 
header at each vulcanizer. The bot- 


tom ends were welded into another 
2-in. descending header which led 
underneath the vulcanizers to a con- 
densate trap. The top ends of the 
4-in. lines were allowed to extend into 
the top header 4 in., so that there was 
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no possibility of condensate—should 
the line cool—getting into the steam 
lines running through the vulcanizers. 
The plant engineer then put in at the 
head of this circuit a thermo-com- 


Steam circuit in the watch-case vulcan- 
izing department. This arrangement elim- 
inated four condensate traps used in the 
old set-up. 


pressor. But that meant manual 
operation of the compressor valves 
should variation in the steam pres- 
sure occur, so he replaced the valve 
stem of the thermo compressor with 
a shop-made diaphragm valve, 
hooked it onto the air line,ran it to a 
pressure regulator, thus insuring con- 
tinuous automatic pressure and tem- 
perature control for each set of eight 
vulcanizers. The regulator is run to 
the coldest point in the circuit—at 
the elbow where the 
lower header leads 
into the condensate 
pipe—so that there * 027 
will be no danger of 
even one vulcanizer 
lacking the‘steam pres- 021 
sure required for suc- 
cessful operation. 
When the plant en- 
gineer first went on 


0.24 
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the job the plant was Kis 
burning around 29 Q09 
tons of coal each 24 ons 
hours. Obviously, 


two things were 0.03 
wrong: Steam pipes 
were not insulated 
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and the best coal for those boilers was 
not being used. The steam loss was 
eliminated by 100 per cent insulation. 
Then coal went under the micro- 
scope. A number of mines were 
asked to submit sample carloads. The 
plant engineer even arranged with 
one company to mix dust with washed 
coal. Three or four carloads of this 
came along according to specifications 
and then it petered out. The plant 
engineer then chose an Ohio slack. 
It is wetted as it is fed onto the chain- 
grate stokers. It burns more satis- 
factorily than any which has been 
tried. It leaves no clinkers and less 
than 10 per cent ash. Though pro- 
duction has been increased approxi- 
mately 100 per cent, the coal con- 
sumption has been cut to less than 20 
tons per 24 hours. While this coal 
has been used—two years—not $10 
of stoker maintenance has been spent. 

Now we come to the supervisory 
bonus. Thirteen men share in this 
bonus, and the plant engineer is one 
of them. The bonus is based on the 
number of tires produced per man 
per day. An arbitrary number of 
points — 10,000 — are assigned the 
supervisory force, as an overall rat- 
ing of its value in the production of 
the base number of good tires. These 
10,000 points are distributed among 
the 13 men and, incidentally, the plant 
engineer rates 1,000 of the 10,000 
points. Say the base for bonus pay- 
ment is 4 tires per man per day. The 
bonus factor from 4 up (in tenths of 
one tire) rises in an arithmetical pro- 
gression. 

The plant engineer, then, increases 
his-bonus not only by keeping main- 
tenance costs down, but by making 
plant improvements which will in- 
crease productive capacity. In this 
respect he has shown remarkable in- 
genuity and has made improvements 
here and there that will net him this 
year a very attractive salary. 
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L. C. MORROW, Editor 


SEPTEMBER, 1932 


Depression Has Been Good 
to Maintenance 


REAT savings have been made in mainte- 
nance expenditures. Witness: 


(1) The intensive study of every indirect or 
maintenance item in the Chicago plant of Jos. T. 
Ryerson & Son (Maintenance Engineering, July, 
1931). Result: Savings in power and light, 
water, heat, transportation, supplies, painting, 
roofs, janitor service, watchmen. Conclusion: 
“We have found that the results of our drive to 
reduce costs have greatly exceeded our expecta- 
tions . . . More money was spent for this pur- 
pose in a depression year than in normal years, 
but this amount already has been repaid through 
the reduction of costs effected.”’ 


(2) Restoration of salary and wage levels of 
India Tire and Rubber Company (Maintenance 
Engineering, this issue). Brought about by co- 
operative action of factory workers to increase 
sales and reduce production costs. Maintenance 
costs reduced by approximately 50 per cent since 
1929, 


(3) Finding of “hidden treasure” by Cluett, 
Peabody & Company (Executive Service Bulletin 
of Metropolitan Life Insurance Company, July, 
1932). ‘Ina searching survey, this company dis- 
covered facts which enabled it to reduce operating 
costs of its maintenance division 40 per cent.” 


(4) Equipment modernization of the 
Champion Coated Paper Company (Maintenance 
Engineering, July, 1931). “Many concerns oper- 
ate their plants as though they were static and 
would continue to run without attention, but that 
isnot true. A plant may be likened to the human 
body that will perform properly only so long as it 
is kept in the best condition.” 

These stories have been told, but the untold 
accomplishments are many more. However, the 
facts are known within the plants concerned. 
Which means that maintenance is getting the at- 
tention of the men it serves—the executives re- 
sponsible for net profit. 

In better times these depression showings will 
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not be forgotten. Alert management is getting a 
conception of engineered maintenance that it 
could not get when profits were easy. It is learn- 
ing the meaning of preventive maintenance, is fast 
coming to an appreciation of the strategic posi- 
tion of the men who prevent interruption to pro- 
duction, keep the unit cost of product low. De- 
pression has advanced the cause of maintenance. 


Proper Lighting May Save Lives 


TATISTICS brought out by one insurance 

company indicate that 12 billions of dollars 
were paid out in 1929 for industrial accident com- 
pensations. Two billions of this amount were 
paid by insurance companies, while the remaining 
10 billion expenditure, the so called hidden cost, 
was borne by the industrialists. 

A manufacturer employing 1,000 men and 
women in his factory had annually 425 accidents 
which cost him a total compensation of $15,000. 
The cost of power for each year to operate the 
very poor lighting system in his factory was 
$1,900. Due to economic pressure he sought 
some way of reducing his annual compensation 
cost. Fully appreciating the condition of lighting 
in his factory, he put in a new installation. 

The new lighting increased his annual power 
cost $7,300. At the close of the year following 


_ the installation he discovered that his accidents 


had been reduced from 425 to 170, and that his 
compensation cost was $6,000 instead of $15,000. 
He reached the logical conclusion that he had 
saved $1,700 as a result of better lighting in his 


factory. 
a 


Motor Control Advances 


LECTRIC motor control is evolving into 

more complex types. Industry demands the 
elimination of the human element in motor start- 
ing. Modern starters must automatically control 
motor acceleration under varying loads, and in 
many cases accurately regulate the inrush of start- 
ing current to prevent voltage fluctuations. Other 
types of control must automatically carry a ma- 
chine through an intricate duty cycle with a degree 
of reliability and efficiency that once were con- 
sidered unattainable. All modern starters must 
protect man, motor, and machine. 

This evolution imposes new responsibilities 
upon the maintenance engineer. A great field for 
personal achievement is opening to maintenance 
engineers who grasp the significance of the new 
trends in industry and who will familiarize them- 
selves with the details which they must understand 
in order to handle competently the ever-changing 
problems of maintenance. 





361 














+ A new question is presented herewith, and our readers’ answers to previous questions are pub- 


lished. Write down your opinions and send them to the editor. Answers published will be paid for + 


PLANT ENGINEERS’ FORUM 





QUESTION 


Safety—Whose Responsibility? 


George Shipman, the day's ‘work done, decides to 
drive to Frank Fulleger’s plant and take him home. 
Entering the door, he stumbles over a sweeper’s 
broom and all but falls into the arms of Frank who 
is on his way out. George starts talking but Frank 
turns him around and pilots him out to the car. Let’s 
tune in here 





* * Xx 


“Oh, I know what you’re going to say, George, 
‘Why did someone leave that broom in the doorway ?’ 
I’ve been asking myself the same sort of questions 
all day long.” 

“Well, something like that, Frank; but why all 
day long? Everything go wrong all of a sudden? Or 
is everybody picking on you?” 

“T’ll say they are. We were all set to go on the 
biggest order we’ve had in months when somebody 
dropped a wrench into the drive on the conveyor 
that runs from the storage bay to the assembly de- 
partment. Ruined the chain sprocket and sprung the 
shaft. And no spares in the house. Held up produc- 
tion several hours until they finally decided to use 
hand trucks. 

“Naturally enough the Old Man raised hell. 
Wanted to know why and how and when and who. 
Blamed me for everything !” 

“Pretty tough. And whose fault was it?” 

“That’s what I’ve been trying to decide all day. 
When the drive was ordered I told the Old Man that 
we ought to put up a safety screen.” 

“What did he say ?” 

“Oh, something about that being ordered by the 
Safety Engineer.” 

“And what happened ?” 

_ “Nothing. That’s the trouble. I forgot all about 
it until this morning when I was very forcibly re- 
minded. Can’t help feeling half responsible for it 
anvway.” 

“But, Frank, weren’t you told that the Safety 
Engineer was taking care of it?” 

“Yes, but 





*x* * * 


They drive away and we fail to hear the rest of 
Frank’s remarks. They haven't settled the question— 
we have a nice opportunity to air our views. 


What relationship between safety and maintenance? 


Is safety a function of maintenance, or should the 
maintenance department be responsible only for the 
installation of temporary safeguards and other devices? 
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What Excuse for Breakdowns? 


(Question presented in the July issue) 


HEN management will not countenance inspec- 

tion, and will not approve a budget item to pro- 
vide an agency for detection of factors contributory 
to breakdowns, maintenance cannot function in the 
maintenance sense but becomes instead an agency for 
repair. So long as maintenance is without authority 
of inspection, and so long as it has no control over 
lubrication, many “stitches” will be required to correct 
troubles growing to serious proportions because of 
absence of precautionary measures. 

It seems passing strange that many plants are con- 
tent to leave maintenance considerations to depart- 
mental authority when management regards matters 
of production and quality of primary departmental 
consideration, and apart from equipment and apparatus 
maintenance. Management will usually agree that it 
is proper to service machines before failure rather 
than afterward, but at the same time will permit depart- 
mental authority to get by on the simple statement that 
a burned-out bearing was oiled, when every circum- 
stance points to its having been oiled after burning 
out rather than before. 

The front office is not always right just because it 
happens to be the front office, and a front office that 
will not give ear to intelligent maintenance measures 
must not be surprised to find itself falling behind the 
van of those who during these troublous times seek 
a profit in efficient operation of equipment, and a 
curtailment of repair expense during its life. 

‘: H. H. Iver, Mechanical Engineer 
Greenville, S. C. 
panies may be divided into two general 

classes: those which can be averted by preventive 
inspection and proper maintenance, and those which 
occur to equipment where inspection is difficult or 
costly. 

There is no excuse for the first class and the plant 
engineer should be held entirely responsible. 

The second class includes concealed piping and 
cables, transformer equipment, electrical devices and 
so on. Where breakdowns will have serious results, 
it is the responsibility of the plant engineer to so advice 
the management and, where the investment is war- 
ranted, install duplicate equipment. This is particu- 
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larly the case in the handling of melted metals where 
a breakdown might result in a freeze-up with serious 
damage to equipment. 

Where the investment for duplicate equipment is 
not warranted, and where a possible breakdown can- 
not be anticipated by preventive maintenance, it is the 
responsibility of the plant engineer to prepare for 
such breakdowns by providing spare parts and by 
planning arrangements to facilitate the repair or 
replacement of equipment which has failed. Spare 
motors, transformers, electric cable, and other heavy 
replacement parts should be kept in first class condi- 
tion and stored on trucks or skids so that they may 
be easily and quickly moved when needed. 

The plant engineer should be acqainted not only 
with the location and condition of all spare equipment 
at his own plant, but also know what equipment is 
available at neighboring factories and at the local power 
and water company storage yards. In my experience, 
plant engineers in neighboring factories are always 
glad to help out in case of breakdowns, particularly 
if they have your cooperation when they are in need of 
assistance. ; 

If the management will pay the cost of preventive 
maintenance there is no excuse for breakdowns which 
could have been avoided by such maintenance. There 
is also no excuse for delays or procrastination in the 
repair of equipment where breakdowns cannot be 
avoided by preventive maintenance. J. W. MERSHON 
Supt. of Power and Plant 
The Yale & Towne Manufacturing Company 

Stamford, Conn. 


Be DISCOVERED that our breakdowns divide 
themselves into: (1) Those due to improper main- 
tenance or lack of any maintenance; and (2) Those 
due to overloads or excessive demand. 

No progressive or alert management will allow itself 
to be subjected to a breakdown due to lack of proper 
maintenance. Excuses offered by the maintenance 
department can be considered as “reasons” but not 
“justification.” Proper periodical inspections and emer- 
gency maintenance work usually will serve to prevent 
all but the slightest of shutdowns. When time of 
important equipment is lost more than once or twice, 
the only remedy is to change either the personnel of 
the maintenance department or the system. 

But there is an excuse for a breakdown—and it 
frequently acts as a stimulant to stubborn management. 
This is when equipment or facilities of definite ratings 
or capacities are purposely overloaded with the expecta- 
tion of getting more out of them than is mechanically 
possible. Maintenance engineers should be constantly 
on the alert for such conditions and should make def- 
inite and constructive suggestions to the management, 
calling particular attention to unpleasant and unprofit- 
able possibilities. The sad part of most of these cases 
is that the management, with no emergency existing, 
generally “considers” the suggestions, asking that they 
be brought up for later discussion, indicating that the 
condition, while worthy of consideration is, in their 
Opinion, not acute. 

What shall be the extent of anticipation? It would 
be foolish to install an expensive control on equipment, 
the breakdown of which would bear but little relation 
to the proper flow of production. Even anticipation, 
however, should it be faulty in its diagnosis, can be 
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tempered as need be by proper maintenance. Ninety 

per cent of our breakdowns come from improper main- 
tenance, the other ten from incomplete anticipation. 

CHARLES S. STEVENSON, Operating Manager 

Hall Brothers, Kansas City, Mo. 


tashab 


How Measure the Efficiency of the 
Maintenance Department? 
(Question presented in the June issue) 


ROM a department store viewpoint we do not know 
how to measure efficiency of maintenance. 

We have tried to set up a salary schedule for a 
three months’ period and found it impracticable, 
because our sales division could not anticipate its wants 
so far in advance. We are now making a salary budget 
one month in advance and even this is not reliable. 

Maintenance of store and warehouse buildings and 
equipment, and transportation equipment takes in prac- 
tically every form of maintenance governed by condi- 
tions over which the mairitenance engineer has little 
or no control. The cost of building maintenance, for 
example, is affected by amount of traffic, changing of 
styles (necessitating department moves), building and 
rebuilding of fixtures. 

Then we have the elements. In very cold weather, 
our fuel consumption increases. In very warm weather 
the cost of operating the air-conditioning apparatus 
and refrigerating machines goes up. If we have severe 
wind storms the repairing of roofs, sigus, widows, 
awnings, and canopies costs more. A heavy snowfall in- 
creases the cost of removal and raises transportation cost. 

If the management decides the operating costs are 
too high, certain maintenance work, such as repainting, 
may be postponed. This will show a temporary saving 
but it is false economy because where one coat of paint 
would be ample, two coats will be required later. 
Where cash registers are overhauled periodically their 
life is indefinite. If this work is not done, the payroll 
may show an apparent saving but it will be offset by 
a large repair and replacement cost at a later date. 

Our system is to make a major expenditure sheet 
itemizing the cost of all major jobs to be done during 
our fiscal year. This does not include ordinary main- 
tenance. We also have a monthly salary budget made 
up one month in advance. This includes major jobs as 
well as regular maintenance work which will be per- 
formed in that period. Our estimates are based on past 
experience and present conditions. 

L. H. Dickerman, Building Superintendent 
Ed. Schuster & Co., Inc., Milwaukee, Wis. 


BELIEVE that a satisfactory yardstick of perform- 

ance for the maintenance department can be set up. 
I suggest the following procedure: 

From maintenance cost figures per unit of output 
during the past five years select the average, or perhaps 
better yet, the low cost per year as a standard of com- 
parison, taking into consideration changed conditons ard 
lower costs for labor and materials. Set up a budget in 
terms of dollars or cents per unit of plant output. It 
should be set for a ten to twenty-five per cent reduction 
in maintenance cost. 
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To meet the budget without decreased plant efficiency 
probably will require a reorganization of plans and 
methods, by means of better or more mechanics ; better 
or more lasting repairs; more efficient preventive in- 
spection ; close watch on cost of materials; closer con- 
centration on production delays. As the standard of 
performance is linked up with the plant’s output any 
delay saved on production equipment is a direct contri- 
bution toward reduced maintenance cost. 

There may be a tendency for some to feel that they 
will be showing themselves up by a noticeable improve- 
ment of past performances. That is not true with most 
present day management, when one improves on his 
own record. Sometimes trouble does result when some- 
one else does the improving. 

A good showing must not be made at the expense of 
production. The points that production schedules must 
be met and quality maintained have to be stressed. 
Marin Puituips, Electrical Superintendent 

International Paper Company 
Niagara Falls, N. Y. 


tashAh 


What Human Qualities for Maintenance Men? 
(Question presented in the May issue) 


O THE more ordinary human qualities that every 

executive must have, the maintenance foreman 
must add two: tact, and a cheerful readiness to serve— 
a sort of overdose of cooperation. His is a service job, 
and service without cheerfulness is not real service. 

Mechanical ability is not secondary to human qualifi- 
cations for a maintenance foreman, but he needs the 
human qualities much more than most foremen. As a 
rule other foremen seldom leave their departments 
much, but the maintenance foreman must go from de- 
partment to department. 

Yes, it certainly pays maintenance men to be tactful 
and cheerful, even though some of the calls for help are 
due to the carelessness of others. The maintenance de- 
partment is to the rest of a plant what utility companies 
are to the public. Why do these companies spend so 
much for creating good will? It must be because it 
pays—and with interest! 

BERNARD SHEREFF, Engineer, Standards Department 

American Hard Rubber Company, Butler, N.Y. 


ROADLY speaking, the ideal maintenance man will 
possess the following attributes: 

Adaptability, or the ability to maintain an unruffled 
exterior under trying conditions and make the best of 
them ; tact, or the knack of contacting with his fellow 
men successfully and inspiring them with confidence 
and the will to cooperate; and tolerance, or the ability 
to see the other fellow’s angle of the situation. Lack 
of the last quality seems to be the underlying cause 
of most human friction. 

In the case presented by Frank, all three of these 
qualities seemed to be lacking. There is a certain type 
of maintenance engineer who tries and often succeeds 
in convincing himself that all production men are in- 
volved in a conspiracy to make as much trouble for 
him as possible and, as can be imagined readily, the 
production men make no effort to disillusion him! 


364 











In contrast we have the engineer who realizes that 
the strain of production sometimes results in equipment 
operation that is not always according to Hoyle. 
Instead of antagonizing the offender, such a main- 
tenance engineer will endeavor to cooperate with him 
so that the same abuse shall not occur again. As an 
added result their joint efforts often bear fruit in 
increased production. 

Although every man is not born with these qualities, 
it is not unreasonable to expect that he should make 
an effort to acquire them for, by so doing, he raises 
the world’s estimate of his profession and himself. 
Ropert S. ALEXANDER, Special Department 

Universal Winding Company, Auburn, R. I. 


7 y¥ vv. 


Regular Foremen’s Meetings? 


(Question presented in the April issue) 


DO NOT believe that there should be foremen’s 

meetings at regular stated periods. Usually, when 
such meetings are first started, there is considerable to 
talk about. But, after a few meetings, topics are few 
and the meetings are likely to be looked upon as relaxa- 
tion periods. I do believe in calling foremen’s meetings 
to discuss important matters that arise, but the meetings 
should be dismissed as soon as the matter is covered. 

Such regular meetings should be conducted by the 
management because, if they are not so conducted, they 
soon decline into a recreation period with questionable 
results for the company. 

At these meetings only questions covering inter- 
departmental relations should be discussed. Matters 
covering one department only should not be — to 
take up the time of all shop foremen. 

Such regular foremen’s meetings are not held in our 
plant. Whenever a special matter comes up the fore- 
men concerned are called together—foremen not con- 
cerned do not leave their departments. 

FREDERIC W. CARTER 
In Charge of Power and Maintenance 
Waterbury Clock Company, Waterbury, Conn. 


E HAVE been holding regular foremen’s meet- 
ings on company time for several years and be- 
lieve much good has come of them. We do not hold 
general meetings, but each division has meetings of its 
own foremen, conducted by the division superintendent. 
Ini the meetings changes in company rules and plans 
are explained to the foremen, and the foremen are en- 
couraged to. offer suggestions regarding safety, im- 
provement of methods, and equipment. Although the 
meetings usually are held monthly they may be called at 
any time for special discussion. 
We feel that the main advantage of the meetings is 
that they bring the foremen together on a friendly basis 


_ where they can discuss their problems in an imperso 


manner. In this way cooperation between departments 

has been greatly improved. In addition, many valuable 

suggestions that otherwise never would have been pre- 
sented have been received at the meetings. 

C. W. ScHWwaABE 

Ss uprintendent Mechanical Department 

Mallinckrodt Chemical Works, St. Louis, Mo. 
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Ways of increasing efficiency of equipment ° 


News of books and events ¢ °@ 


Ideas that will help plant men 


Practical solutions of plant problems 


Unusual developments in apparatus design 
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Need Light? 
Call Out the “Light Wagon!” 


WaLTER WENDELKEN, Supervisor of Lighting Equipment 
Westinghouse Electric & Mfg. Company, East Pittsburgh, Pa. 


This electric truck is known as the “Light Wagon” 
not on account of its weight but because it is used to 
furnish light in dim places around the factory or yard, 
or where the regular lighting system has been put out 
of service. The truck is fitted with two 10-in. floodlights 
and several extension cords on reels. The lights are fed 
from the regular truck battery. A stock of spare lamps 
also is carried by the truck. 


lf | Were Out of a Job 


In “If I Were Out of a Job,” a 56-page, 15-cent 
booklet, G. P. Blackiston, of Canton, Ohio, inspires. 
He advances the philosophy that no one can help the un- 
employed man more than the unemployed man himself. 
He counsels those just thrown out of work to analyze 
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themselves to determine their special abilities and to set 
about resolutely and cheerfully to put them to work. 

He sets forth definite, practical suggestions of pro- 
cedure for each of the special abilities of the unemployed 
man or woman; implies that, if the unemployed person 
will take heart and work vigorously at the specialized, 
often fascinating, task of getting or making a job until 
he has gained his end, there will be no time or cause for 
despair and self pity. 


This Roller Conveyor 
Does Everything but Talk 


AFreD MeEtcarD, Mishawaka, Ind. 


A live roller conveyor is the control station for emptv 
drums in a large Texas oil refinery. Drums arrive on 
it from paint drying ovens and are routed to their proper 
locations for stenciling. 

The roller conveyor is controlled by lever-operated 
jaw clutches (shown at the left) in such a way that the 
direction of rotation may be changed at will to direct 
the movement of drums on the conveyor. Two apron 
conveyors feed this roller conveyor from paint drying 
ovens, and two more apron conveyors take the drums 
from each end. 

The power-driven roller conveyor is actuated by a 
series of chain drives connected so that there are two 
sprockets on the shaft of each power-driven roll. Each 
roll, therefore, is either driving or being driven by its 
adjacent roll. 

The roller conveyor of necessity must be reversible 
in sections so that the following features may be con- 
trolled by operating levers: 

1. It must be able to receive the drums from the 
two apron conveyors at right angles to it and deliver 
them to locations in opposite direction from each other. 

2. In case it is being fed from only one of the apron 
conveyors, the roller sections must deliver drums to 
either of the opposite receiving apron conveyors. 

3. The whole roller conveyor must be connected so 
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that all rolls will rotate in the same direction, and in the 
reverse of that direction. 

There are five separately controlled sections in this 
roller conveyor. Each section is controlled by a jaw 
clutch mounted on the shaft of one end roll. On one 
half of each clutch is mounted a sprocket for the roller 
chain that drives the adjacent roll. The other half of 
the clutch is keyseated to the roll shaft and can be slid 
to engagement by the operating lever. When the clutch 
is in the engaged position it will drive the adjacent roll 
and all successive rolls in that section. 

The five sections in the roller conveyor may be desig- 
nated as A, B and C, there being two end sections 4, 
two intermediate sections B, and one central section C. 

Each end section A consists of a series of rolls extend- 
ing from the apron conveyor at one end of the roller 
conveyor to the nearest edge of feeder conveyor. These 
sections are direct connected by chain drive from the 
countershaft that drives the apron conveyor at that end 
and the rolls will rotate in whichever direction the apron 
conveyor is traveling. If the adjacent apron conveyor is 
not in motion, the rolls in section A, of course, will not 
rotate. 

The intermediate sections B each consist of a series 
of rolls located directly opposite the ends of the apron 
conveyors feeding the roller conveyor. The length of 
each section is slightly greater than the width of the 
apron conveyor feeding it. On the shaft of the roll 
adjoining section A is mounted a jaw clutch. One half 
of this clutch is connected to a roller-chain sprocket. 
The other half of this clutch is keyseated to the roll 
shaft. When the clutch is in the engaged positfon sec- 
tion B will derive its power from the adjacent section A 
through chain drives. In this case section A and section 
B will rotate in the same direction as the apron conveyor 
at that end of the roller conveyor, inasmuch as they are 
both driven from the same countershaft. 

Section C is in the center of the roller conveyor and 
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extends from the edge of one feeding apron conveyor 
to the edge of the other. On the shaft of each end roll 
in this section is mounted a jaw clutch, one half of 
which is connected to a sprocket and the other half key- 
seated to the shaft. The keyseated half of the clutch 
will slide on the shaft. Both clutches of section C are 
operated simultaneously from one hand lever so that they 
both are either in the engaged or the disengaged posi- 
tion. These two clutches are synchronized with each of 
the clutches for sections B so that it is impossible to 
obtain power for section C from two different sources at 
the same time. In other words, it is impossible for both 
clutches of the two sections B to be thrown into engage- 
ment while the clutches for section C are in engaged 
position. 


Babbitt Valve Seats 


J. Conrap Watson, Franklin Pottery, Lansdale, Pa. 


For the past two years we have been using ordinary 
babbitt for the seats of globe valves and pressure regu- 
lators from } to 4 in. in size, used with steam, air, fuel 
oil, slip (fine clay mixed with water), and glazes at 
pressures up to 100 Ib. per sq.in. These seats have 
given us long and economical service. All of them have 
been made in our shop as follows: 

The old material is cleaned out of the seat and the 
babbitt is poured in. The metal is first tinned if there 
is no nut to hold the babbitt in place. The seat is then 
chucked roughly in the lathe and a cut taken across it. 

Extra seats for the commonly used sizes are kept in 
stock. After the old babbitted seats are taken out, they 
are given to a machinist and he repairs them in odd 
moments. 

There are two general types of seats. One has a nut to 
hold the fiber disk in place as shown by Fig. A. The 
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other type B has the edge rolled down on the fiber disk. 
The type B is discarded entirely and a complete seat 
slipped on the stem when replacement is required. After 
the initial babbitt is put in one of these worn out seats it 


a} : 
Ula Va. 
is er by laying it on something flat and heating it 


A B 
with a small torch and adding a little babbitt. Capillary 
attraction allows you to pour the babbitt a little higher 
than the brass shell of the seat. 





























Riveted Riveter Rebuilt 
by Arc Welding 


Strength and durability of welded joints were put toa 
severe test in the repairs made on a pressure riveter in 
the plant of the Western Steel Products Company, 
Duluth, Minnesota. 

The riveter is used for fabricating cylinders and as 
originally built was of all-riveted construction. In opera- 
tion it is subjected to intense vibration and after some 
years of service there was so much lost motion that the 
riveter became almost useless. A portion of the frame, 
including the toggle and cylinder fastenings, was still 
in good shape and these parts were salvaged. A new 
frame was constructed of structural shapes, with all 
joints arc-welded. 

The riveting horn was scrapped and a new one built of 
12-in. heavy channels and 1-in. steel plates was designed 
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and assembled by arc welding, on the basis of data 
obtained from test specimens. Strength was the primary 
consideration, of course, and after two years of service 
the welded horn shows no signs of weakness. 


Modern Engineering Data 
on Leather Belt Drives 


Conditions of belt application have changed radically 
since the days of steam engine drives; so the purpose of 
this 32-page booklet is to give directions and information 
for laying out long- and short-center belt drives. Of 
particular value are the numerous tables in which are 
tabulated such data as: motor belt drives from 1 to 125 
hp., covering various speeds, pulley sizes, belt specifica- 
tions, and tensions; horsepower rating of oak-tanned 
belting ; belt speeds in feet per minute for various pulley 
speeds and sizes; standard price lists of belting; formu- 
las for all calculations necessary in laying out belt drives. 
Alexander Brothers, Inc., 14 South St. Philadelphia, Pa. 


Correction 


In the review of the book, “Fundamentals of Instru- 
mentation” (pp. 333-334, August issue) the address of 
the publisher, The Instruments Publishing Company, was 
given as 3619 Forbes St., Philadelphia, Pa. This should 
have been 3619 Forbes St., Pittsburgh, Pa. 


New Walkway Metal 


“Safe Tread,” recently developed method in the manu- 
facture of abrasive metals, is said to allow for greater 
penetration of the abrasive into the surface of the metal, 
assure greater durability and effectiveness of the wearing 
surface. Controlled by Safe Tread Co., New York, N. Y. 


Method for Drying Moisture 
on Machinery 


W. E. Warner, Welwyn, Garden City, England 


When overhauling equipment around the works it 
often is necessary to dry up surface moisture, for ex- 
ample, all moisture must be removed from ball bearings 
after they have been cleaned. 

For such jobs I use the following method: To the 
nozzle of a motor blower used for blowing out electric 
machinery I fit a piece of metal piping about 18 in. long. 
This pipe is fitted at one end with a suitable handle. A 
blow torch then is placed so that its flame plays on the 
middle of the pipe. Next, the compressed air supply is 
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turned on and, because the air must pass through the 
heated pipe, hot air escapes from the pipe’s mouth. The 
heated air, of course, will dry up the moisture quickly. 
The air temperature can be regulated as desired by 
adjusting the flame of the blow lamp. 


Research Leather Belt Rating Tables 


A practical guide to the correct application of Jeather 
belting on power drives that will help users of such equip- 
ment to obtain the maximum efficiency and _ service. 
Service factors to be applied to belts driving various 
types of machines are given. Other tables show the rat- 
ings in horsepower per inch of width of single, double, 
and triple belts operating at speeds of 500 to 7,500 ft. per 
min. With these tables are given a chart for determining 
belt speeds and another from which can be derived the 
correction factors for arc of contact. Examples are 
worked out to show the correct use of the tables and 
charts. Graton and Knight Co., Worcester, Mass. 


How to Hang 


Insulated Refrigeration Lines 
P. F. Rocers, Brooklyn, N. Y. 


A difficult job, when applying insulation to cold pipe 
lines, is to support the pipe so that there will not be any 
break in the covering that will admit air and moisture. 
Any air leakage means the eventual accumulation of 
moisture resulting in frost and corrosion. 

Such lines always should be supported by hangers that 
bear on the outside of the covering. The accepted method 
among engineers experienced in this work is to use a 
semi-circular shield, 12 or 18 in. long, bent to conform 
to the outside diameter of the insulation. The shield is 
placed on the bottom of the pipe and the hanger, prefer- 





Shielas, . 





+A joint here makes the hanger 
easier to put up and take down 


ably a piece of curved strap iron, is passed under it so 
that the weight of the pipe is distributed over a con- 
siderable area. For this service 18-gage sheet steel 
usually is satisfactory material for the shield. 

Where two or more pipes are installed close together 
it is handier to use a trapeze hanger to support them all 
at the same time. This hanger is made from a section of 
channel or angle of the proper length supported by 
hangers from each end and from the center as well if the 
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number of pipes requires it. It must be remembered that 
the insulation may be several inches thick and that some 
space should be left between pipes when determining the 
length of the hanger. Special molded insulation can be 
used for pipes that must be placed close together. Be- 
cause the insulation shield on a trapeze hanger does not 
receive support all around the semi-diameter as it does 
on a strap type hanger, the-shield should be heavier, 
ranging from 16-gage steel for small pipes up to 10- or 
12-gage steel for sizes of 7 in. or larger. 





Modern Materials Handling 


A deserving treatise on an extensive subject too long 
neglected by technical book writers. The book is an 
outgrowth of an elective lecture course given by the 
author for six years at Cornell. It analyzes modern 
methods of handling materials, and deals with principles 
of equipment selection. 

Cranes, hoists, tramrails and other overhead equip- 
ment, trucks, conveyors, bucket elevators, and _bulk- 
handling equipment are treated. Considered, also, are 
speed control, speed reducers, and photo-electric control. 

The index is well worked out. Illustrations are 
plentiful and well selected. 488 pages. 

Simeon J. Koshkin, Assistant Professor of Machine 
Design, Cornell University, author. John Wiley & Sons, 
Inc., New York, N. Y. $6. 


Steam Valve Accessible — 
to Prevent Scalding 


Source: Republic Rubber Company, Youngstown, Ohio 


Steam turbine pumps are operated in a small building 
apart from the main plant. As an aid to safety the main 
steam valve is located within a few inches of the window. 
In the event of a break in the line a man can close this 
valve by reaching through the window without exposing 
himself to a building full of live steam. 
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Please submit 
promptly. We expect to 
publish no answers later 
than the second issue 


after the appearance of the 


answers 


question. Selection will 


be made on the basis of 

quality, but answers first 

received have the best 

chance of being used 
4 

Colored Concrete Floors 


We are considering using concrete 
colored green, red, or blue for the 
floors of some offices and possibly 
other areas, in order to give a more 
cheerful effect. Can readers tell me 
out of their experience: (1) Will 
the use of coloring material in con- 
crete injure its wearing qualities? 
(2) Will the color fade? (3) Is 
it necessary to use any finish- 
ing coat, such as varnish? (4) Are 
any special precautions necessary in 
preparing the concrete and laying 


the floor? F.J.L. 
Philadelphia, Pa. 


Motor Bearings Heat 


A 10-hp. 1,150-r.p.m., squirrel-cage 
motor has been giving trouble from 
heating of the bearings. The bear- 
ings are made of bronze, and have 
circular oil grooves and two oil 
rings. Upon removing them a 
highly burnished spot in the bot- 
tom seemed to indicate lack of lu- 
brication. We cut two grooves in 
the bottom of the bearing, extend- 
ing from one drain groove to the 
other, and drilled three %-in. holes 
in the bottom of the drain groove 
at each end of the bearing. The 
idea was to help the oil to circulate 
more rapidly, but upon running the 
machine we found that the bearings 
still heated. Draining the oil and 
putting in a mixture of castor and 
lubricating oils did not help matters. 

At no time have these bearings 
become alarmingly hot, but the 
temperature is very uncomfortable 
for one’s hand and we are afraid 
that it might result in serious trou- 
ble. What can be done to correct 


this condition? R.E.L. 
Dallas, Tex. 
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Operating D.C. Portable 
Drillson A.C. 


We wish to operate two portable 
electric drills rated 250 and 230 volts 
d.c. on 220-volt, 60-cycle, single- 
phase current. Under the impres- 
sion that any series motor would 
run satisfactorily on single-phase 
a.c. if the voltages were about the 
same, both drills were tried out. 
Although they ran at about the 
proper speed they immediately be- 
came hot and there was a consider- 
able amount of sparking at the 
brushes. It appears to me that the 
size of wire in the windings is too 
small for the voltage. I wish some- 
one would tell me (a) whether there 
is any way to make them operate 
satisfactorily without rewinding; 
(b) if necessary to rewind would it 
be economical to do so; (c) what 
size of wire should be used. 
Mountain Park, Alta., Canada G. N. 


MAny persons have the impression 
that a d.c. motor will work on a.c. if the 
voltage is the same. 

To work satisfactorily as a universal 
motor the field coils have to be 
laminated. Laminated fields are not 
necessary for a d.c. motor, but such 
construction is absolutely necessary for 
a.c. operation. If a motor with solid 
field poles is connected to an a.c. cir- 
cuit the motor will heat up in short 
order and will spark badly. 

Frequently a series-wound motor with 
laminated fields will spark when con- 
nected to an a.c. circuit but this can 
usually be remedied by shifting the 
brushes. 

If G.N.’s trouble is caused by solid 
field poles the only remedy is to obtain 
new drills with universal motors, or 
have the fields replaced in the present 
motors. The economy of this can be 
determined by consulting the manu- 
facturer of the drills. 


CHARLES O. RANKIN 


K. W. Manufacturing Company 
Ontario, Calif. 


It 1s true that any series-wound motor 
will operate on either d.c. or single- 
phase a.c., but not always will it operate 
satisfactorily. Most motors designed 
for d.c, operation only do not have cer- 






Conducted by 


G. A. VAN BRUNT 


Associate Editor 


tain fundamentals of design that are 
essential for satisfactory operation on 
a.c. Laminated polepieces are one re- 
quirement for a.c. operation; otherwise 
excessive heating will result. It is my 
opinion that the motors in the electric 
drills heat excessively because the pole- 
pieces are solid. 

Another requirement is that the 
armature ampere turns be higher than 
the field ampere turns, to reduce core 
loss and improve power factor. 

High-resistance brushes are used to 
reduce sparking at the commutator. If 
the motors in question are of laminated 
construction it may be possible by re- 
ducing the number of turns in the field 
winding, connecting the fields in series 
ahead of the armature, using high- 
resistance brushes, and possibly putting 
additional resistance in the brush leads, 
to operate them passably on a.c. If they 
are not laminated, they cannot be 


operated on a.c. atall. W.L.CotTron 


Electrical Department 
Rock Island Railroad 
Dalhart, Tex. 


Must Tight Side of Belt 
Be on Bottom? 


I have always understood that the 
slack side of a belt drive should be 
on top. In the case of some drives 
that are being rearranged it will be 
very difficult or impossible to have 
the tight side on the bottom, and I 
am wondering whether there will 
be any loss of efficiency or capacity 
if we operate them with the slack 
side on the bottom. These drives 
transmit from 3 to 15 hp. The dis- 
tance between shafts is normal. 
Will the material from which the 
belt is made—leather, rubber, fabric 
—make any difference? 3B.G.A. 
Chicago, Tl. 


FUNDAMENTALLY, the principle of 
having the tight side on the bottom is to 
give a larger area of contact on the 
small pulley, since slack in the top side 
increases the circumferential length of 
belt in contact with the pulley. If the 
tight side is on top the arc of contact 
may be reduced materially. 

If conditions make it essential to use 
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a belt with the tight side on top it may 
be necessary to use a wider belt; or an 
idler pulley could be used in the slack 
side of the belt, close to the small pulley. 
Good practice has been to use an arc 
of contact not less than 165 deg.; other- 
wise it is necessary to run the belt 
under a high tension. 

There are so many variables in the 
design of a belt drive, such as ratio of 
large pulley to small pulley, minimum 
diameter of small pulley, center distance, 
horsepower to be transmitted, nature 
of service, and conditions surrounding 
the drive, that an arbitrary rule cannot 
be formulated to cover every case. The 
proper choice of belt width, number of 
plies, and nature of material, must be 
based upon a careful analysis of all the 
elements entering into such a drive, in 
order to be certain of permanently satis- 


factory results. C. E. SCHIRMER. 
Chief Engineer, Hoist & Crane Division 
Robbins & Myers Sales, Inc. 
Springfield, Ohio 


What Is Wrong With 
These Connections? 


In order to check our 550-volt 
motors with a wattmeter a spare 
G.E. indicating wattmeter was re- 
moved from the switchboard. This 
meter had a full-scale reading of 
1,500 kw., and it was decided to re- 
place the 80:1 current transformers 
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with others of 8:1 ratio, thus bring- 
ing the scale down to 150 kw. Po- 
tential coils suitable for use on the 
550-volt circuit were not available; 
sO as an experiment the meter was 
connected as shown in the diagram, 
using the 2,300-volt coils. The read- 
ings were very unsatisfactory, which 
I believe was due to the potential 
transformer being connected to the 
primary side of the transformer 
bank. . Do other readers agree with 
me on this point? R.G.M. 
Prince Rupert, B. C., Canada. 


On PAGE 336 of your August issue 
two answers were published to a ques- 
tion on metering. Both answers missed 
the real cause of the difficulty: namely, 
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that there is a phase angle displacement 
of current and voltage in the power 
transformer, so that the current in- 
dications in the wattmeter are not in 
the correct phase relationship to the 
potential indications. Both current and 
potential connections must be made on 
the same side of the power transformers. 

Instrument transformers are carefully 
designed to reduce the phase angle error 
to a practically negligible quantity, but 
this is not the case with power trans- 
formers. 

I met exactly the same problem some 
years ago when acting as district en- 
gineer for an electrical manufacturing 
concern. On that occasion I was able to 
make suitable voltage connections on 


the low-voltage side of the power 
transformers and the trouble dis- 
appeared. C. E. OLIVE 

Chief Engineer 

Canadian Celanese, Limited 

Drummondville, P. Q., Can. 


WitH the connections shown the 
wattmeter will never register correctly, 
since the phase relations between the 
primary voltage and secondary currents 
are not the same as between the sec- 
ondary voltages and currents. Assum- 
ing additive polarity the secondary cur- 
rents will be approximately 180 deg. 
out of phase with the primary voltages. 
Even if the connections were made so 
as to correct for polarity there might 
be a large error due to the voltage regu- 
lation of the transformers and the angu- 
lar displacement between the primary 
and secondary resulting from the im- 
pedance of the windings. With the 
proper connections for correcting polar- 
ity the instrument will give a reading 
approximately four times the true value. 

The test may be made within about 
2 per cent accuracy by connecting the 
current transformers to the primary side 
and multiplying the wattmeter reading 
by 0.98, which is the approximate trans- 
former efficiency. It will be necessary, 
of course, to make sure that the current 
transformers used are rated 2,300 volts, 
in order to avoid insulation break- 


down. E. Mo.Linet. 


Electrical Engineer 
The Cuban-American Sugar Company 
Delicias, Oriente, Cuba 


Globe or Gate Valve? 


The question often arises as to 
whether a globe or a gate valve 
should be used on a line handling 
steam, water, or other liquids under 
low or medium pressure. Often the 
question is settled by putting in 
whichever we happen to have on 
hand, but I am not sure that this 
procedure gives us what we really 
need. I wish that readers would tell 
me the conditions under which they 
use globe and gate valves, respec- 
tively, and why. What are the par- 
ticular advantages of each? 
Buffalo, N. Y. L.W.W. 
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GLoBE valves are rarely used on lines 
for water or other liquids because of 
their high friction loss. 

Many plants at the present time are 
using globe valves only in the bypass 
on a steam line around a pressure-reduc- 
ing valve, or under other circumstances 
where a bypass is necessary. It is also 
common practice to install a globe 
valve in a steam line ahead of a gate 
valve which is used for throttling The 
globe valve is used simply because on 
medium-or high-pressure steam service 
wear on the wedge of the gate valve 
causes a slight leakage in the course of 
time. The globe valve, when closed, 
permits complete shutdown of the line, 
without leaks. The use of the globe 
valve, of course, increases the cost, but 
this is more or less offset in the course 
of time by a reduction in maintenance 
attention. 

Gate valves are commonly used for 
water and other liquids, primarily for 
the reason that straight-line flow is 
obtained. This in itself is an advantage, 
as can be seen from the many empirical 
formulas in use today for computing 
the friction loss of fittings and valves. 
For example, for a gate valve the writer 
and others of his acquaintance usually 
use 4 diameters as the length of line to 
to be added; for a globe valve it is usual 
to add 30 to 40 diameters. There lies 
the great advantage of the gate over 
the globe valve; no matter at what pres- 
sure a line is being operated, it is always 
desirable to keep the pressure loss as 
low as possible. 

New Brighton, N. y. R. C. NiTscHKE 


UsE GATE valves for steam, water, air, 
or any liquid, when an unrestricted flow 
is desired. Lifting of the gate provides 
a straight-through passage without a 
throttling effect. 

The disadvantage of this type of valve 
is that when it is opened and closed 
often it is not leak-proof. The wedge 
and seats are difficult to fit and expen- 
sive to replace. Dirt has a tendency to 
lodge beneath the wedge and keep it 
from closing. We use gate valves on 
water mains, steam mains, or where a 
thick liquid such as slip (clay and 


‘ water) is handled. Quarter-turn cocks 


are used for heavy liquids. 

The globe valve is used for steam, 
water, air, or any liquid where a slight 
restriction in the line is not objection- 
able. These valves are leak-proof and 
can be repaired easily. There is very 
little trouble caused by dirt getting 
under the seat. 

We have two large tanks that are 
filled ten times a day. One tank is filled 
through a 4-in. gate valve and the other 
through a 4-in. globe valve. The gate 
valve has been repaired three times 
and leaks now. The globe valve has not 
been repaired and has not given trouble 
from leakage. 


Master Mechanic 
Franklin Pottery 
Lansdale, Penna. 


J. ConrapD Watson 
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Lifting, Tilting, Tiering Truck 


For handling heavy bales, cases, 
bundles, and crates. Under-clearance re- 


‘ quirement, 2 in.; maximum tiltback, 20 


deg.; forward tilt, 7 deg.; maximum 
tiering height, 50 in.; speed, 1 to 6 
miles per hour. 

Lifting and tilting mechanism is actu- 


Pressed Steel V-Pulleys 


“Day-Steel” single and multiple 
V-groove pulleys for use with Dayton 
cog-belts, for ratings of 74 hp. and 
below. Light in weight, formed from 
pressed steel, welded at rim and web, 
and assembled with a hub to give a 
balanced pulley. Aluminum finish. The 
Dayton Rubber Manufacturing Co., Day- 
ton, Ohio. 


Cleaning Machine 


“Kerrick Kleaner.” Water and soap, 
or other detergent, are combined in 
proper proportions and applied in a 
finely atomized spray at safe tempera- 
tures and moderate pressures. Avail- 
able in stationary, portable, and trailer 
models. Chemical Processes Company, 
Los Angeles, Calif. , 


Two-Ply Stainless Steel 


“Ingoclad Stainless Steel,” produced 
by a patented process from the com- 
posite ingot, offering corrosion resist- 
ance, strength, and finish, may be deep 
drawn, stamped, welded, formed and 


ated by hydraulic pressure supplied by 
an oil pump. Motive power is a tractor 
type gasoline engine. The truck has 
rear-wheel drive and four-wheel steer. 
Available in 2-ton and 3-ton sizes. The 
Clark Tructractor Co., Battle Creek, 
Mich. 


polished. It has stainless surface and 
carbon steel back, said to be perfectly 
bonded. Available in various gages and 
sizes of sheets. Ingersoll Steel & Disc 
Co., Chicago (division of Borg-Warner 
Corporation). 


Explosion-Proof Control 


Air-break, d.c.,explosion-proof, across- 
the-line, manual control, approved and 
rated “permissible” by U. S. Bureau of 
Mines. Has thermal overload and low- 
voltage protection; rated 4 hp. at 230 
volts, 5 hp. at 550 volts. Main line 
fuse is mounted in the cast-iron case, 
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which has a screwed-on cover. The 
overload device is reset by an outside 


lever. Cutler-Hammer, Inc., 253 No. 


12th Street, Milwaukee, Wis. 






Photoelectric Relay 


Combines the amplifier, photoelectric 
cell, and light source within a single 
case. No separate light source required. 
The rays from the lamp behind the 
right-hand lens are focused on a special 
mirror, and reflected to the lens in front 
of the photoelectric cell. Claimed is capa- 
bility to operate up. to 600 light inter- 
ruptions a minute. 

Removal of a small front plate per- 
mits adjustment. Wiring and interior 
parts are attached to a central section 
of the relay independent of front and 





back covers. Case is of cast aluminum; 
entire unit may be weather-proofed for 
outdoor use. G-M Laboratories, Inc., 
1735 Belmont Ave., Chicago, III. 


Partitioning 


Using as a basis less than two dozen 
production parts made of rolled se¢tions 
cut to length, it is possible to obtain a 
large number of combinations of parti- 
tions or wainscoting, 1#-in. thick, or 
3-in. thin laminated panel or single sheet 
construction, with or without chair rail 
or transom bar, or with either. 

The same post clip is used for 
straightaway, corner and three-way or 
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four-way posts. Floor attachment per- 
mits four-way adjustment to care for 
creep or shrink. Base and plinth are 
removable from either side. Posts are 
assembled from two rolled channels by 
means of a compression clip. Door 
frames are fitted to standard posts. 
Moldings and trim are made of rolled 
sections and snap into place. After 
holes for the post floor connections 
have been drilled, only hammer and 
screw driver are required for erection 
or dismantling. The Mills Co., Cleve- 
land, Ohio, 


Spray Gun Compressor 


Type NV, 1-hp., electric motor-driven 
air compressing outfit, The two- 
cylinder compressor has a displacement 
of over 6 cu.ft. per min. and a working 
pressure of 80 Ib., is belt driven from 
the motor, and is equipped with air 
intake strainer and combination auto- 
matic pressure and hand unloader. Com- 
pressor, motor, and air receiver are 
mounted on channel iron skids. Floor 
space 34x14 fit. The DeVilbiss Co., 
Toledo, Ohio. 


Mill-Type Starters 


General purpose, for constant-speed 
d.c. motors. Utilize accelerating con- 
tactors designed to act as a relay to 
provide time-delay; also to short out 
the starting resistor by a contact finger. 
The accelerating contactor thus replaces 
the accelerating relay and the old ac- 
celerating contactor. It is equipped 
with silver-faced tips to eliminate oxida- 
tion. Available in sizes from 1 hp. to 
75 hp. General Electric Co., Schenec- 
tady, N. Y. 


Freight Elevator Door Operator 


Power for operation is supplied by 
two torque motors designed to stall on 
being 


the line, transmitted through 











roller-bearing speed reducers. Appli- 
cation is direct to the door or gate 
sheave. Control is from a three-button 
station on the car, marked “open, close, 
stop.” Only the door adjacent to the 
elevator can be operated. Quincy Ele- 
vator Gate Co., Tiffin, Ohio. 


Automatically Primed Centrifugal 
Pumping Unit 


Self-contained, comprises an electri- 
cally driven, ball-bearing, centrifugal 
pump with a “Monobloc” priming unit, 
wet vacuum type, controlled by a pres- 
sure switch. The priming pump, or 
evacuator, is an adaptation of the 
“Hytor” pump, licensed to Worthington 
under Nash Engineering Company 
patents. Connected to the “high spot” 
of the suction volute and sealed with 
water from a reservoir in the bedplate, 





it removes air from the centrifugal 
pump. 

The evacuator motor operates when 
the pump motor starts. Pressure 
switch in the evacuator motor circuit 
is piped to the discharge of the main 
pump. Whenever the pressure is below 
a set value the pressure switch is 
closed. It opens when the discharge 
pressure reaches normal. If the pump 
loses its prime, the pressure switch 
closes, starting the evacuator. 

The unit is available with Worthing- 
ton Types R, U, L, and F centrifugal 
pumps up to the No. 6 size; soon to be 
had with any Worthington centrifugal 
pump. Worthington Pump and Ma- 
chinery Corporation, Harrison, N. J. 


Variable-Speed Transmission 


Variable-speed unit is mounted di- 
rectly on the motor spindle, and consists 
of two cone-faced, intermeshing, flanged 
disks, mounted on a sleeve, each disk 
having a series of steps and three slides. 
The steps support roller chain at differ- 
ent diameters, according to the size of 
the sprocket unit for which it is adjusted. 

By radial adjustment of the sprocket 
teeth, of which there are three, sup- 
ported on the slides, there can be formed 
gap-tooth sprockets of 15, 18, 21, 24, 
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27, 30, 33 or 36 teeth. 


The driving 
chain can be connected to a driven 
sprocket of the proper type and size. 
Ball bearings are used in the unit, to 


prevent strain on the motor shaft. 
Speeds are adjusted by stopping the 
motor, turning the speed adjustment 
nut up or down, and adjusting the slid- 
ing motor plate for chain tension. 

The unit is made in nine sizes, from 
ve to 12 hp. Can be built to use roller 
chain, silent chain, V-belt, or mesh 
with driven gear. N. J. Oak, 22 Haw- 
thorne St., Lynn, Mass. 


Safety Boiler Control 


Low water cut-out, which contains a 
precision fuse placed in the electric 
circuit operating the burner. A fusible 
alloy, said not to soften until the melt- 
ing point is very nearly reached, links 
two sheets of copper. Two minutes are 
required for melting, preventing cut-out 
in case of momentary fluctuations of 
water level. Called “Kelly Safety 
Boiler Control.” Petroleum Heat and 
Power Co., Stamford, Conn. 


Hose Couplings 


For high-pressure service; made of 
brass. Male and female hose inserts 
have the usual grooved construction. 
The inside of the hose is compressed 
into the grooves by the action of sleeve- 
type threaded clamps which screw over 
several turns of soft copper wire 
wrapped around the outside of the hose. 
The inside diameter of the clamps is 
such that the wire is pressed part way 
into the hose covering. Range of types 
includes couplings for pneumatic tool, 
steam, oxygen, acetylene, oil suction and 
discharge, and other hose. Application 
can be made without special tools or 
equipment. Wil-Bro Co., 88 Second St., 
San Francisco, Calif. 


Diesel Engines 


Covering power requirements from 
50 to 1,000 hp., in two-to-eight-cylinder 
units; four-cycle, direct-injection, mod- 
erate-speed. Can be converted to oper- 
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ate on natural or manufactured gas. 
Features: Individual fuel pump for each 
cylinder, with fuel lines of equal length, 
hydraulically controls the injection of 
fuel; individual air starting pilot valves 
control the admission of starting air to 
each cylinder; spray valves are pressure 
actuated (no push rods or levers). Wor- 
thington Pump and Machinery Corpora- 
tion, Harrison, N. J. 


Photoelectric Relay 


For general-purpose use; said to pro- 
vide more sensitive control than the 
models superseded and to permit opera- 
tion at a minimum light intensity of 3 
foot-candles. Other features: Improved 
dielectric strength through the use of 
a Bakelite panel ; phototube housing with 
cast aluminum base and drawn hood; 
reduced capacity leakage through the 
use of flexible armored cable between 
phototube and relay. 

Characteristic applications : Operation 
of magnetic counters; control of various 
mechanisms; starting and stopping ma- 
chinery. General Electric Co., Sche- 


nectady, N. Y. 


By 
Variable Speed Countershaft Unit 


Consists of a Reeves “Vari-Speed” 
motor pulley on the shaft of a sliding- 
base electric motor, and a countershaft 





L 


adjustable on the common bed plate. 
Drive to flat-face pulley of countersha ft 
is by means of a V-belt. Drive from 
countershaft may be by means of pulley, 
V-belt, or chain. Each end of counter- 
shaft has two ball bearings. Seven 
sizes, from fractional to 74 hp. Reeves 
Pulley Co., Columbus, Ind. 


Constant-Tension Regulator 


For use with reels for winding strip 
steel, copper or brass, winders for paper 
and cloth, and other constant-tension 
applications. Regulator armature has 
two windings: torque winding, con- 
nected in series with the driving motor, 
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and spring winding, which receives its 
power from the main line. When the 
current in these windings is equal, there 
is no movement of the regulator. If the 
current in the torque winding increases 
or decreases, it signifies an increase or 
decrease in the torque of the motor be- 





ing regulated and causes the regulator 
to move. 

The Reliance Electric & Engineering 
Co., 1042 Ivanhoe Road, Cleveland, 
Ohio. 


Stationary Diesel Engine 


Four-cylinder, four-cycle; now avail- 
able on skid as stationary unit; 6§-in. 
bore, 94-in. stroke, governed at 700 
r.p.m., developing better than 85 hp. 
Uses solid-injection fuel system, and a 
pre-combustion chamber. Fuel is han- 
dled by individual pumps mounted on 
the cylinders. 

Positive starter consists of a small 
two-cylinder, four-cycle gasoline engine, 
exhaust gases of which warm the diesel 
intake. Clutch and Bendix drive are 
used. Caterpillar Tractor Co., Pe- 
oria, Il. 


Gasket Compound 


No. 1281 gasket compound is recom- 
mended by its makers for applications 


requiring resistance to hot oil; where, 


exposure to naphtha, gasoline, kerosene, 
benzine, and similar solvents may occur ; 
where moisture is to be excluded ; where 
there may be prolonged exposure to 
ozone; and where corona may occur. 
The material is a grey or brown, 
odorless and sulphur-free alkyd resin 
material, known by the G.E. trade name 
of “Glyptal.” It is available in sheets 
up to 13x36 in., from 1 mil to } in. 
thick, and in round gaskets up to 124 in. 
in diameter and 3} in. thick. General 
Electric Co., Schenectady, N. Y. 


Steam Traps 


Inverted bucket traps Nos. 70 and 71, 
for pressures to 125 and 200 Ib., respec- 
tively. A valve arrangement replaces 
the conventional air vent hole in the 
bucket ; sudden loss of buoyancy, sink- 








ing, and discharge valve opening are 
accomplished. Claimed is ability to 
handle more air in a given time, con- 
sequent shortening of the time required 
to build up temperature on the equip- 
ment being drained. The Strong, 
Carlisle & Hammond Co., 1392 W. 3rd 
St., Cleveland, Ohio. 


Drill Sets 


Straight shank drill sets in a variety 
otf combinations. Stand is chromium 
plated and shows both drill sizes and 
decimal equivalents. Stand, with drills 
in place, fits into a metal, closable case. 
The Cleveland Twist Drill Co., Cleve- 
land, Ohio. 


Foot-Candle Meter 


Pocket-size, calibrated to read directly 
on three ranges: 50, 250, or 500 foot- 
candles. 

One Weston Photronic photoelectric 
cell is used as an adjustable light col- 





lector; readings appear on a 2.36-in. 
scale. Cell and instrument are housed 
in a black, molded case, measuring ap- 
proximately 3gx7x2} in., with hinged 
cover and handle. Weston Electrical 
Instrument Corp., Newark, N. J. 


Ball Bearing Pillow Block 


Featured are the formed steel housing 
and piston-ring grease seals of this Type 
DH-1 pillow block. To facilitate instal- 
lation and removal the housing is of 
two-piece construction. Self-alignment 
is obtained by making the outside of the 
inner and the inside of the outer hous- 
ing spherical. The assembled unit is 
factory adjusted and sealed against loss 
of lubricant. 

The Hoover single-row ball bearing is 
used. Thrust loads may be taken be- 
cause the inner race extends completely 
through the housing. Setscrews are used 
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to secure the shaft to the driving collar, 
which is fitted over one end of the 
extended inner race. Dodge Manufac- 
turing Corporation, Mishawaka, Ind. 


Reversing Magnetic Contactor 


For a.c. and d.c. service; maximum 
rating 3 hp. Compact design and wiring 
arrangement make it adaptable for 
hoists, window and door control, re- 
versing machine tools. Positive me- 
chanical interlock and magnetic safety 
latches prevent accidental closing. Ar- 
ranged for two-wire or three-wire con- 
trol. 

Edgewise mounting of the movable 
contacts and the form of arc suppressors 
represent a new principle of design for 
increasing arc-rupturing capacity. In- 
dustrial Controller Division, Square D 
Co., Milwaukee, Wis. 


Tilt Trucks 


Two-wheel, “Truly-Safe” tilting hand 
trucks, called ““Model APT” and “Han- 
dle-Dolly.” The former is an_all- 
purpose truck, the latter for handling 
drums and kegs; each has 850-lb. ca- 
pacity. 

Features of the APT: Knuckle 
guards; adjustable hook; roller bear- 
ings; ability to stand on end, supported 
by a_ self-contained stand. “Handle- 
Dolly” features: Safety leg prevents 
dropping back with the load; roller bear- 
ing, wide-face wheels. Tidy Products, 
Inc., Chrysler Bldg., New York, N. Y. 


Portable Crane 


Has 714-in. wheelbase; turning ra- 
dius, about 12 ft. Forward travel 
speeds 2.77, 3.94, 10.95 m.p.h.; in re- 
verse, 3.11 m.p.h. Over-all dimensions, 
width 65 in., length (exclusive of boom) 
108 in., height 8 ft. 54 in. Handles 
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loads up to 4,500 lb. Equipped with 
power-operated, full-revolving boom, 
with an internal expanding brake. 
Stabilizers, set and released from the 
operator’s seat, increase the capacity 
for loads lifted over the side. 

Powered by a Case four-cylinder 
engine, rated 34.5 hp. at 1,100 r.p.m., 
pressure lubricated. Bucyrus-Erie Com- 
pany, South Milwaukee, Wis. 


Synchronous Motor 


Self-excited, self-synchronizing unit 
requiring no external excitation. Ex- 
citer windings, d.c. commutator, etc., 
are integral with the motor. Starting is 
by manual compensator as with an ordi- 
nary induction motor. It is a true syn- 
chronous motor designed to re-synchro- 
nize itself automatically after being 
pulled out of step. 

Available in all sizes from 5 to 100 
hp. at 900, 1,200, and 1,800 r.p.m., unity 
or 80 per cent leading power factor. 
The Ideal Electric & Manufacturing 
Co., Mansfield, Ohio. 


Bolt Anchor 


The “Rawl-Anchor,” a _ one-piece, 
heavy-duty, double-expanding masonry 
anchor for bolts. A double inverted 
cone body of aluminum is employed as 
the expanding factor. Either end may 
be inserted in the hole; the aluminum 
collars top and bottom spread upon be- 
ing caulked and seal the hole, preventing 
the lead from “flowing” under a load 
pull; the bolt will not turn in the hole 
because the bolt head imbeds itself in the 
aluminum collar. The Rawlplug Co., 
Inc., 98 Lafayette St., New York, N. Y. 


Welding Head Shield 


Embodies a protective lens held in a 
vertical slide by a spring and raised by 
pressure from the chin of the operator 
on an aluminum rest. The lens is re- 
turned to place automatically upon re- 
lease of pressure. A stationary cover 
glass guards the inner lens. Aluminum 
is used for the case inclosing the glasses 








and fibre is used for all other parts. 
Known as the “Weld-Fast” head shield. 
The Lineoln-“Electric Co., Cleveland, 
Ohio. 

a 


Internal Growler 


Adjustable, will enter stator with 3-in. 
bore for testing nested, distributed, or 
wave windings with 110-volt, 60-cycle 
current. 

Features: windings protected by steel 
cover ; chromium-plated handle and sup- 


porting spider; standard tumbler switch 
mounted in the handle, which carries a 
6-ft. cord. J. J. Ankenbrandt, 2140 No. 
13th St., Toledo, Ohio. 


Guarded Ventilating Fan 


“Wing-Scruplex” fans, with guards 
composed of a series of steel rings elec- 
trically welded together. Designed not 
to be removed, the guards are welded 
to the fan frames. The cage is called 





“Safety Guard,” and the fan so equipped 
is called “Safety Ventilating Fan.” 
L. J. Wing Manufacturing Company, 
154 W. 14th St., New York, N. Y. 


Lever-Operated Master Stations 


For use under severe weather or 
atmospheric conditions; operated by 
levers on the side of the case.. Lever 
shafts pass through stuffing boxes and 
cover joint is sealed by a rubber gasket 
to provide watertight case. 

Standard, heavy-duty, push button 
elements are mounted on removable, 
molded bases. Stations are supplied in 
all normal ratings in one button (on 
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and off), two-button (start and stop), 
or three-button (hoist, lower, stop) de- 
signs. Cutler-Hammer, Inc., 253 No. 
12th St., Milwaukee, Wis. 


ee 
General-Purpose D. C. Motors 


So designed, mechanically, that many 
variations, such as different degrees of 
inclosure for various applications, can 
be obtained by using only a few differ- 
ent parts. New pulley-end shields afford 
maximum protection to the windings. 


Drop-forged feet welded to the motor 
frame reduce the possibility of break- 
age. Insulation is resistant to moisture 
and weak acids. Speeds of all constant- 
speed motors can be increased 25 per 
cent, more in some ratings, by field 
control. General Electric Co., Sche- 
nectady, N. Y. 


Vibration Damper 


Isolating material (cork, rubber, etc.) 
inserted between upper and lower hous- 
ings, and preloaded. The objective in 
preloading is to compensate for the dif- 
ference between the loading established 
by the operating machine and the peak 
efficiency loading required by the iso- 
lating material. Upper housing is drilled 
and tapped for bolting directly to the 





Lubricating System 


A single-line system for the mechani- 
cal application of light greases and 
heavy oils to points requiring regular 
lubrication. The main unit is placed in 
a convenient location and a single feeder 
line is taken to the farthest point re- 
quiring lubrication. Branch lines are 
taken from the main line to each bear- 
ing. No return line is required. 

An independent mechanical measuring 


Metering Valve 
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unit, placed at each bearing, allows only 
the amount of grease it is set for to be 
fed to the bearing. By means of a posi- 
tive pump, pressure is applied to the line 
only when the points are being lubri- 
cated. Can be motor driven, operated 
mechanically, or by a hand crank. A 
heating unit warms the grease in winter. 
Hills-McCanna Co., 2349 Nelson St., 
Chicago, III. 




















base or leg of the machine. Trade 
name, “Seismo-Damper.” The Korfund 
Company, 48-15 Thirty-second Place, 
Long Island City, N. Y. 


Motorized Reducer 


Triple reduction unit with 312.2 to 1 
ratio. Motor shaft operates at 1,165, 
low speed shaft at 3.75 rpm. The 
motor shaft extends into the reducer 
housing, providing compactness, and 
eliminating high-speed motor-shaft coup- 





ling. Roller bearings, herringbone gears 
running in oil. Link Belt Co., 910 S. 
Michigan Ave., Chicago, II. 


Exhaust Blower System 


A motor-driven, self-contained ex- 
haust unit which may be mounted on 
the manufacturer’s heavy-duty grinders 
and buffers. The unit shown is equipped 
with 3-hp. motor, automatic starter, and 
pushbutton station; and with inclosed, 










hinged-door guards, each having exhaust 
outlet. The Standard Electrical Tool 
Co., Cincinnati, Ohio. 


a 
Floodlight 


“Baby” floodlight, with lens 6 in. in 
diameter, can be screwed on a 1}-in. 
pipe and adapted for lighting signs, or 
for other pipe-mounting applications. 
For use with a 150-watt lamp, it sup- 
plements a line of units including 
“Handy” (8-in.) and “Senior” (10-in. 
lens). Finish and material as in the 
other floodlights. General Electric Co., 
Schenectady, N. Y. 
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For copies, address the manufacturers concerned 


(238) Copper AND Brass—Catalog, July 
lst semi-annual issue, describes the com- 
pany’s products—Revere Copper and 
Brass Incorporated, 230 Park Ave., New 
York, N. Y. 


(239) Wire Rope—Bulletin A-675, 36 
pages, “The Splicing of Wire Rope.”— 
John A. Roebling’s Sons Co., Trenton, 
N. J. 


(240) Crane ScaLe—Bulletin, illustra- 
tions and description of the Kron crane 
scale—The Kron Co., Fairfield Ave., 
Bridgeport, Conn. 


(241) Jer ConpeNsers—Bulletin 411, 8 
pages, “Jet Condensers and Auxiliaries for 
Vacuum Processes.”—Pennsylvania Pump 
& Compressor Co., Easton, Pa. 


(242) Morors—Bulletin 112, 4 pages. 
' Type AA, Form F, fully inclosed fan- 
cooled induction motors.—Reliance Electric 
& Engineering Co., Ivanhoe Road, Cleve- 
land, O. 


(243) SwircH—Bulletin 609, 2 pages, 
hand-operated starting switch—Allen- 
Bradley Co., Milwaukee, Wis. 


(244) Execrric Caste Reet—Bulletin 
502, 22 pages, “Constant Duty Reelite.”— 
Appleton Electric Co., 1701 Wellington 
Ave., Chicago, Ill. 


(245) Licgutnrinc ARRESTERS—Bulletin 
No. 7 of a series, 8 pages, “Crystal Valve 
Lightning Arresters,’—Electric Service 
Supplies Co., 17th & Cambria Sts., Phila- 
delphia, Pa. 


(246) Sterer—“Ryerson Journal and 
Stock List,” Vol. 40, No. 2, a reference 
book on steel; complete descriptions, speci- 
fications, sizes and other information of 
value to the steel user. Joseph T. Ryerson 
& Son, Inc., 16th and Rockwell Sts., Chi- 
cago, Ili. 


(247) PortaBLE Compressors—Bulletin 
W850-B8, 4 pages, portable compressors 
and contractors air tools. Complete line of 
equipment and explanation of dealer fran- 
chise—Worthington Pump and Machinery 
Corp., Worthington Ave., at Warren St., 
Harrison, N. J. 


(248) Atr Cootinc Equipment—Bulle- 
tin 34, 4 pages, engineering data, brine 
spray coolers, and fan coolers.——Niagara 
a Co., 6 E. 45th St. New York, 


(249) Arr -CooLep 
Loose-leaf bulletin sheet. Types AC and 
AA air-cooled transformer units. Sizes 
from 1 to 50 kva., from 100 to 600 volts.— 
Wagner Electric Corp., 6412 Plymouth 
Ave., St. Louis,: Mo. 


(250) Connuir Firtincs—Bulletin 1001, 
40 pages. Outlet and switch boxes and 
conduit fittings—Appleton Electric Co., 
1701 Wellington Ave., Chicago, IIl. 


Rock Drimts—Bulletin W1201- 


TRANSFORMERS— 


(251) 
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SIA, 4 pages, hand-held drills for light, 
medium, and heavy duty.—Worthington 
Pump and Machinery Corp., Worthington 
Ave., at Warren St., Harrison, N. J. 


(252) Russer Goops CaTALocuE—24 
pages, engineering information and data on 
industrial rubber goods.—B. F. Goodrich 
Rubber Co., Akron, O. 


(253) CHromium STEEL Tuses—Bulle- 
tin, 16 pages, “Four to Six Per Cent 
Chromium Steel Tubes and Pipe.”—The 
Babcock & Wilcox Co., 85 Liberty St., 
New York, N. Y. 


254) CHeck Vatves—Bulletin D-445- 
S2, 2 pages, hydraulic by-pass and check 
valves, cross-section views and list of 
sizes and capacities. Worthington Pump 
and Machinery Corp., Worthington Ave., 
at Warren St., Harrison, N. J. 


(255) Woopworkinc EquipMent—Bul- 
letin GEA-1586, 28 pages, electric equip- 
ment for woodwork.—General Electric 
Co.; Schenectady, N. Y. 


(256) Wire CLoro—Catalogue No. 32, 
104 pages. A handbook on wire cloth and 
wire cloth products—Newark Wire Cloth 
Co., Newark, N. J. 


(257) Morors—Bulletin 174, Part 5, 6 
pages. Multi-speed, squirrel-cage motors, 
Installation photographs and descriptions, 
—Wagner Electric Corp., 6412 Plymouth 
Ave., St. Louis, Mo. 


(258) Steam Pumps—Bulletin D-111- 
S4. “HiVoL” steam pumps for highly 
volatile liquids.—Worthington Pump and 
Machinery Corp., Worthington Ave., at 
Warren St.,- Harrison, N. J. 


(259) Morors—Bulletin GEA-1619, 2 
pages. Splash-proof, squirrel-cage, induc- 
tion motors.—General Electric Co., Sche- 
nectady, N. Y. 


(260) Cootinc EguirpMENtT—Bulletin 33, 
4 pages. Fan coolers, brine spray coolers, 
and aluminum blast cooling coils for air 
conditioning and _ refrigeration—Niagara 
Blower Co., 6 E. 45th St., New York, 
N.Y. 

(261) InpustRiAL EgquipMENT—Cata- 
logue, illustrated descriptions of the com- 
plete line, design, construction and oper- 
ating characteristics of equipment for 
power, industrial, and process plants.—The 
Babcock & Wilcox Co., 85 Liberty St. 
New York, N. Y. 
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